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DIETHYL ESTER OF CYCLOHEXANONE*2-PHOSPHINIC ACID 


Academician B. A. Arbuzov, V. Vinogradova, and 
N. A. Polezhaeve . 


A. M, Butlerov Scientific Research Institute, 
State University of Kazan 


Esters of are of great Interest for studying the possibility of a kete-enol 
tautomerism as analogs of cyclohexanons-2-carboxylic ester, whose tautomerism has been studied thoroughly. 


Attempts which we macs to prepare the ester of cyclohexanone-2-phosphinic acid by the cormal methods 
for synthesizing phosphinic esters did not lead to the desired results, 


Both In the czse of chlorocyclohexanons and in the czse of biomocyclohexanone, the Arbuzov rearranges 
ment led to the formation of the cyclohexenyl ester of phosphoric acid, 


The Michaclis-Becker reaction gave ester (I) together with the ester of epoxycyclohexanephosphinte acié 


P(OR)s 
p Br 
{RO),PONs fo 


ay 


We were able to synthesize diethyl cyclohexanone-2-phosphinate in the following way. As fs known (1,2), 
@,a*-dihaloketones react with ulalkyl phesphites with the formation of the dlalkylphosphorie ester of the endl 
form of the B-ketophosphinic ester, which gives the B-ketophosphinic ester on transesterification with alcohol, 


We achieved an analogous reaction sterting from a,@*-Gibromocyclohexanons 


O—P 
Bs 
° 


a 


The action of tslethyl phosphite on a,@"-dibromocyclohexanone ylelded the diethylphosphorie ester ofthe 
enol form of cyclohexanone*2-phosphinic ester (111) with the following constants: b. p. 172.5°173°/2.5 ming 
1.1885; nj) 1.4652, 


The Raman spectrum of the dlethylphosphoric ester of the enol form of cyciohexanone-2-phosphinte ester 
(UT) contained the following frequencles® (cm*"): 645(0), 702(1), 748(2), 8051), 850(0), 940(0), 1040(0), 109% 3), 
1174(0), 1225(1), 1280(1), 1393(0), 1443(3 broad), 1675(4), 2720(1), 2873), 2892), 2931(5 broad), 2972(5), 
3054(0). 


Among the frequencies fa the spectrumm we should acte the frequency of the valence oscillation of the Ce 
#C group, 1675 em"!, and the very weak frequency of the C— H group at the double bond, 3054 cm**, Transe 
esterification of ester (Ill) with ethyl alcohol led to the diethyl ester of cyclohexanonce-2-phosphinte acid (IV) 
with the following constants: 119-121°/3.5 mms 1.12583 146545 found 87.56, 


The cyclohexanonephosphinic ester was found to be an Interesting compound, Its molecular refractionlay 
between ths values calculated for the ketone form (IV) (57.06) and the enol form (V) (58.11). 


. With ferric chloride {a alcohol solution, the compound gave an Intense violet-red color, characterlstlc of 
enols, 


The presence of enolization was conflsmed by titrating the cyclohexanonephosphinic ester with bromine 
in the presence of Benaphthol by Meyer's method (4). Titration in an alcohol medium gave 9%enol, Titrae 
tfon In a hexane medium gave 60% enol, eo: 


Thus, as {n the case of cyclohexanone-2- carboxylic 
esters and other 8-dicarbonyl compounds, the equilldrlum 
is strongly displaced towards the enol forin the non-polar 
solvent hexane (5). 


The data presented Indicate the presence of keto= 
enol tautomerisin fa cyclohexanone-2-phosphinic esteg 


OH 9 
=P 


2 ‘ 

The presence of tautomerism was also confirmed by 
Fig. 1. UV absorption spectra of diethyl cy . spectsoscople measurements, ; . 
The Raman spectrum of the diethyl ester of cyclohexae 
3) in = 0.02310. acid contained the following frequencles 
(em); 242(1 diff.), 272(1 diff.), 33%(2 broad), 285{ 1d1ff.), 
446(1), 2), 525{1), 602(3), 6585), 707(2), 7532), 792), 
824(3), 8S2(S), 900(0), 9584), 986(0), 1025(3 broad), 1053(0), 1078(1), 1101(3), 111% 2), 1135(2), 11804), 1225(1), 
1246{1), 1282(2), 1356(2), 1396(1), 1422(6), 1451(7), 1662(0), 1711(3), 27200), 2867(5), 29003), 2934(6 broad), 
25734 diff). 


As can be seen from the spectrum preseated, the frequency 1711 cm” indicates the presence of a keto 
group, which may belong to the keto form (IV). The intense frequency 1631 cm™* must pertain to the presence 
of a C= C grouping, indicating the presence of the enol form (V). A study of the ultraviolet absorption spectrum 
confirmed the conclusions on the presence of keto and enol forms of diethyl cyclohexanone-2-phosphinate, are 
rived at on the basis of chemical and Raman spectral data, 


©The spectrum had a dark background, We ‘were unable to {mprove the spectrum by redistilling the substance 
in an Arbuzov flask and in the cell before photographing the spectrum, : 
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Figure 1 shows the UV absorption spectrum of diethyl cyclohexanone-2-phosphinate in water (curve 1), 
methyl alcohol (curve 2), and {sooctane (curve 3), The atsorption spectrum of diethy! cyclohexanone+2-phosphie . 
nate has two absorption maximas 280 me corresponding to absorption ofthe C20 ied of the keto form (IV) 
and a miximum at ~220 mg. 


In fsooctane solution, there fs a sinall fall tn absorption for the maximum at 280 mp. The molecular abe 
sorption coefficient In the region of ~220 my depends strongly on the nature of the solvents the smaiilest value 
is observed {n aqueous solution (log K ® 2.32), and this increases in methyl alcohol (log K = 2.75), end rises cone 
siderably in Lsooctana (log K ® 3.75), 


Thus, the effect of the polarity of the solvent on the molecular abzerption cceffictent was similar to that 
{n the case of acetoacetic ester (5) and other compounds showing keto — enol tautomerism, 


Figure 2 shows ths UV absorption spectra of diethyl cyclohexanone-2-phosphinate <n methyl sicchol, cone 
taining sodium methylate. Ia an alkaline msdium, the spectrum of diethyl cyclohexanone -2-phosphinate showed 
a maximum at 250 my, corresponding to the jormation of 
enolate fons (Fig. 2, 2 end S}. 


The maximum was shifted with respect to the maxfe 
mum corsesponding to the enol form (V) by approximately 
30 mp. Asimilar shift was observed for certalo 1,3-diketo 
derivatives of cyclohexane [6], As can be seen, the valus of 
the maximum depends on the sodium methylate concentrae 
tion, It {s {Interesting to note that the diethyl ester of phose 
phonoacetone shows an analogous absorption maximum fs 
the presence of sodium met aylats, as we onted previously 


(7). 
3D my Thus, the possibility of a keto-enol tautomerism 
eee esters of phosphinie acids with a keto group In 2 B-positios 
Fig. 2. U. V. absorption spectra of diethyl {a the hydrocarbon radical attached to the phosphorus was 
cyclohexanone-2-phosphinate {a methyl ale demonstrated on the example of diethyl cycichexanone-e 


cohol: 1) C = 0.61866, 2) the same + CH,ONa, phosphinfc ester, 


Cyudst, 0.01671, Cop ong 9.016533 3) 
the same # CH,ONa, 0.01656, EXPERIMENTAL 


CCH,ONs 9.08963, Action of triethy] phosphite on a,@*-dibromocyclohexae 


none, Triethy) phosphite (52 g) wes added dropwise to 49 g 
of dibromocyclohexanone (8) (b. p. 123-126°/6 mm) at room temperature, At first there was strong heat evolue 
Uon and ethyl bromide distilled, Subsequently, the addition of phosphite did not cause strong heat evolution, 
Finally, the Mask was hezted for 1 hour at 150-15S° end 1 hour at 185-190", Ethyl bromide was liberated during 
the heating. A total of 27.6 g of ethyl bromide was lberated(theoret., 34 g). Distillation from an Arbuzov flask 
gave the following fractions: 1) 48-100°/2.5 mm, 9 g; 2) 100-160°/2.5 mm, 14.9 g; 3) 160-179°/2.5 mm, 31.8 g. 


Subsequent distillation of the third fraction with a Widmer column gave a sutstance (16.7 g) with the fole 
lowing constants: b. p. 172.5-173°/2.5 mm; dy’ 1.1885; nip 1.4652; MRp found 86.19, CyH,40;%, F, calculated 
87.05, 


Found 42 P 16,97 


Transesterification of the product with b. p. 172.5-173°/2.5 mm. To a0 alcohol solution of sodium ethyle 
ate prepared from 0.3 g of sodium and 30 ml of absolute alcohol was added 12.7 g of product with b. p. 172.S¢ 
173°, The flask, which was fitted with a Widmer column, was heated on a water bath for 2 hours, The reaction 
mixture was peutralized with glacial acetic acid (1 ml), the alcchol removed and the residue vacuum distilled, 


Fractions were obtained: 1, 66-76°/6.S mm.4.9 g, and 2, 110-116°/3 mm.4.5 ge 
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Redistillatton of the first fraction yellded tslethy! phosphate with b. p. 66-66.5°/2.5 miny 1.07335 
14048, Distillation of the second fraction ylelded a substance (3.8 g) with the following constants: b, p. 119¢ 
121°/3.5 mm; df? 1.12585 1.46545 MRp found 57.56, calculations keto form 57.063 enol form 68.11, 


Found P 43, 
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STUDY OF PHASE CHANGES OF URANIUM OXIDES IN AIR 


Corresponding Member Acad. Sci, USSR P. P. pudathor, 
Tresvyatskif, and V. Kushakovekif 


The present work was carried out connection with information (1-8) on the decomposition 
of urano-uranic oxide on heating. 


EXPERIMENTAL 


1, Determination of the decomposition point of urano-urante oxide in alr, We determined the decompoe 
sition point of uranoeurasiic oxice in als ty continuously welgaing it in the form of tablets or powder while iz 
was heated from room temperature to 1600-1900°, We heated the oxidcs to 1600-1700" In platinum crucibles 
and to higher tempesatures {n berylllum oxide crucibles, The temperature wes meesux d with a platisum-platie 
nothodtum thermocouple and with an optical pyrometer with a vanishing filament. To sampics we wed 


Fig. 1. Curves of the change fn welght of U,O, on heating 

and cooling In a Kryptol furnaces 1) experiinent No, 4 fa as 
open platinum crucible; 2) experimem No, 6 tn a closed plate 
num crucible. 


2 Silit furnace, a Kryptol furnace or a Tamman type furnace, In the latter case, fn order to create 2n afr atmmose 
phere Inside the furnace, a-berylllum oxide tube was Inserted and argon was passed between the carbon tube (ine 
ternal diameter 60 mm) and the beryllium oxide tube (internal diameter 34 mm). For continuous weighing of 
the samples, we used analytical balances, whose sensitivity equaled 0.0005-0.001 g due to the gas streams fa 
the furnace. We estimated the accuracy of the weighing as 20.001 g. A sample of 6-8 g was usually taken, j 
The maximum loss of welght due to the elimination of oxygen for such samples was 0.2-0.3 g and was detected 
with sufficient accuracy. All the experiments lasted for about the same time, namely, 8 hours, Figures 1 and3 
show the curves of the change fn weight of urano-uranic oxide on heating and cooling fn alt, 


When urano-uranfc oxide was heated to 1400° In a Silit furnace, we obtained curves similar to those {9 | . 
Fig. 1 and with heating to 1800° in a Tamman type furnace, curvcs similar to those In Fig. 2. The similarity 
of the curves obtained with different types of furnace indicates that the composition of the gases in the furnaces 
were close to the composition of afr fn all cases, 
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As follows from the curves in Figs, 1 and 2, sapid decomposiilor: of uranium oxide begins at 1500° and the 
phase thus formed absorbs oxygen at temperatures below this. However, the welght of the sample never retuned 
to the initial value, indicating the volatility of the uranium oxides, The volatility was noticeable when uranoe 

é uranic oxide was heated to 1500° and In this case 0.1¢ 
0.2% was lost, With heating to 1600-1700°, the volatille 
zation loss from closed crucible was 0.3% and from an 
200 400 6&0 800 1000 00 H00 KOT open crucible, 0.6-0,7%. When uranium oxides were 


U heated above 1700°, the volatility increased considerably 
4 so that with heating to 1200° the loss was 3-4% and at 


1909-1950° the sample evaporated almost completely 
4 over a short period (10-20 minutes), The decomposition 
of 7-8 g of urano-uranic oxide Uberated about 200-250 
: ec of oxygen, The volume of the crucible used In the exe 
periments was §-7 cc, Therefore, it can be assumed that 
the oxygen Uberated during dissociation carried nitrogea 
fiom the crucible with ft and this led to an (ncrease ta 
the partlal pressure of oxygen, whose value tended to 1 
atm during the process, 


2, Determination of phase composition of v'Issoclae 
200 409 699 809 0099 1299 KLIN tion products of urano-uranie oxide. It was not poss. ble 
to estirnate the degrce of reduction of urano-uranle oxide 
with sufficient accuracy from the curves of the change fa 
weight duc to the volatil{ty of not only oxygen, but alse 
the uranium oxides themselves. Therefore, quenched 
satnples were used for determining the phase compositios 
at various temperatures. The samples were heated as Ine 
dicated above and quenched by dumping the samples 
with crucible Into Ice and water, The phase compositioa 
of the quenched samples was determioed by taking x-ray 
powder pictures with copper Kg radiation {n cameras 8S 
mm in diameter, The ratlo of O: U was calculated from 
the Increase {n welght of the quenched samples after they 
had been fired {0 alr at 700-800° for L hour. It was ase 
sumed that the oxidation product was UO, of stolchiomes 
ale composition, The results of the Investigations are presented in Tabie 1, 


From the results of the 2nd serfes of experiments described {t may be concluded that when heated {a afer, 
urano-uranic oxide begins to lose oxygen noticeably even at 900°, but up to 1450° the a:nount of oxygen in the 
oxide still corresponds to the formula UQ, . The x-ray picture of an oxide of this composition differed from 

that obtained with U,O,. Calculation of the lattice parameters Of UQh cg as 
an orthorhombic phase gave the followlig values: a = 6.713/X; b = 3.957 kX 
¢ = 4.145 kX. According to our calculations, the corresponding periods for 
U,O, equals a 2 6.714 kX; b = 3.966kX; ¢ * 4.161 kX. The accuracy of. 


a 
the determination of the lattice parameters was £0.002-0.003 kX. dee 
tected two phases x-radlographically in a sample quenched from 1500°s 
: £500° and, apparently, the UO, ¢-phase. At higher temperatures, right up to the 
$420 1 2 
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Fig. 2. Curves of the change In wefght of U,O, 
on heating and cooling {a a Kryptol furnaces 1) 
experiment No, 2 {a a clo.e¢ platinum crucible; 


melting point, UO, was found in equilibrium with oxygen at atmospheric 
pressure. With an increase in temperature the cxygen content of this oxide 
O:U tatle decreased and, in its turn, this produced an Increase in the lattice period 


(see Fig. 3). 
The results obtained made It possible for us to add to the high-temperae 
cont, Pe ¥8 ture region of the U-O phase diagram constructed by Akkermann (2) from 
the results of tavestigations by various authors (sce Fig. 4). . - 
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Results of Investigating Quenched Samples 


Heat treatment conditions ; Results of x-say analysis : 
Sampie|o2™ Final 
No P ing medium or temp cooling | composidon | latt, per 
* loxide | type of P “ton condle of cuble | phase presem 
furnace mine phase, 
2 | {Ale £00 | 300 [The same] UOsccr 
same |Kryptol Quenched) 
3 ur.ace 1400] 00 jin UO, g-phase® 
14450) 180 | ° U Phate 
5 15090 20 U0s, $,423 U, 
| 10} 2270 5,4307 | UO» 
8 ne 1700] 95 5,429 | UO» 
9; 1850 | 300 |e 5,432 | 
40 Tamman 
. 4400] co U0s, 
41 |Thesame | 150] 6€ ° 5,4272 | UO, g-phase 
12 ° |fused ia 2700 Acccrelng to] 5,437 ]U,0,4- 
electric are reductions ties 
in ale Uh 


* Using the terminclogy of Hoekstra and Slegel (1), 


According to Akkermann (2), a two-phase region exists hee 


% tween UO, and U,Oy up to 1100° but Gronvold [3] discovered by 
high-temperature x-ray analysis that these oxtdes formed a contine 
| —s9n uous serfes of solid solutions above 900°, According to our data, 
b samples with the com, ozitions Us.zg and UO), cg, firedina 
—t vacuum (10° mm Hg) furnace with a carbon tube at 1050, 1100 
and 1600°, respectively, contained two phases and consisted of UQ, 
and U,O, However, the two phases we detected could have bees ‘ 
ue, formed by decomposition of a solid sclution due to insufficiendy 
LITERATURE CITED j 
(1) Hoekstra and S. Slegel, Report to the 1st Internation 
: 00 . — al Conference on the Peaceful Use of Atomic Energy, USA, P, 737 
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1 Sept. 14, 
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Fig. 4. Phase dfagram of the U-O 


system, a) (2), b) authors of the pree . P (6) H.R. Hoekstra, s. Slegel et al., J. Phys. Chem, 59,2, 
sent work, 
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PHOSPHORYLATION OF CHLOROVINYL KETONES 


PREPARATION OF PHOSPHORYLATED CHLOROVINYL KETONES 
FROM VINYL ACETATE AND ISOPROPENYL ACETATE 


I. F. Lutsenko and M, Kiriloyv 
V. Lomonosov State University of Moscow 
(Presented by Academictan A, N, Nesmeyanov, April 24, 1959) 


In the present article we present the results from our study of the reaction of phosphorus pentachloride and 
the s{mplest enol acetates, namely, vinyl acetate and lsopropenyl acetate; by mears of this facie reaction we 


synthesized the frst representatives of a new class of organophosphorus compounds — — B-chloro= 
vinyl ketones, 


The Interaction of lsopropeny! acetate with Phosphorus yeceidinii may be represented {n the following 
ways 


CH,C CHy'-++ PCP,’-» CH,CCICH; PCI, CH;CC1,CH; PCI, + POCIp 


The reaction did not stop at this stage. The acetyl chloride Mberated smoothly acetylated the organophcse 
phorus compound, - 


+ CH,CCCI (COCH,) -+ HG 


The PCI, group was converted {nto a POC); group by the actiu:. of sulfur dioxide. We were unable t to fsolate the 
acid chloride of a--etyl-B ,8-dichloropropylphosphinte acid as it was unstable and lost hydrogea chloride pare 


Wally during the reaction and completely on vacuum cntigtion to give the acid chloride of &-acetyl-B-chloro- 
propenylphosphinic 


CH,CCI,CH (COCH,) POCh —-~+ == 
\ 
However, the acid chloride of a-acetyl-B &-dichloroethylphosphinic acid, obtained by the reaction of phosphorus 
pentachloride with vinyl acetate, was quite stable and did not lose hydrogen chloride during distillation, Undes 


the reaction conditions we describe, the yleld of the acid chloride of a-acetyl-B 8 -dichloroethylphosphinic acié 
reached 85-90% and the yleld of the acid chloride of a-acetyl-B-chloropropenylphosphinic acid was 70%, 


The reaction equations presented show that two moles of phosphorus pentachloride should be used for each 
mole of enol acetate and of these, one mole Is added to the double bond of the enol acetate and the second mole” 
ts consumed in replacing the acetoxy group by chlorine and forming acetyl chloride. Actually, if the reactios 
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was cattled out with {sopropenyl acetate and phosphorus pentachloride In a molar ratlo of 121, the yteld of phose 
phorylated Sechlorovinyl ketone did not exceed 40%. When two moles of phosphorus pentachloside were used 
{n the reaction, the yleld of the organophosphorus compound Increased sharply. The acid cilorides synthesized 
were converted Into phosphinte esters in the usual way with alcohol and pyridine, It should be noted that the ~ 
application of this esterification method to the acid chloride of a-acetyl-6 8 -dichloroethylphosphinie acid led 
to partial ellminatlon of hydrogen chloride and did not give a pure compound, An analytically pure compound 
was obtained by esterification in the absence of base. The action of triethylamine on G-acetyl-B 8 dichloro 
ethylphosphinte ester produced elimination of hydzogen chloride and formed schlorovinylphosphinle 
ester fn 88% yisld, 


i We will use the new type of organophosphorus compounds obtained for varlous syntheses, characteristic of 


Bechlorovinyl ketones, and, first of all, for the preparation of phosphorylated heterocyclic compounds of the pys 
tazole, lsoxazole and — serles, 


EXPERIMENTAL 


Preparation of acid chloride of a-acetyl-B 8 -dichlorcethylphosphinic acld, To a suspension of 125 g 
(0.6 mole) of phosphorus pentachloside fn 150 ml of carbon tetrachloride was adced 29.5 (0.3 mole) of freshly 
distilled vinyl acetate over a period of 45 minutes with stirring while the reaction mixtue was kept at 15-17", 
Stirring was continued for a further 2 hours, while the temperature of the bath was gradually ralsed to 40°, Sule 
fur dioxide was then passed (with water cooling) until the precipitate dissolved completely and the solvent, thio 
nyl chloride and phosphorus oxychloride semoved In vacuum at 30-35, The residue was vacuum distilled, 


We obtained 66 (85% of theoretical) of the acid chloride of ee aci& 
b. p. 04-05%/2 nig 1.5100; 1.54644 MRp 49.88; calc. 48.47. 


Found 6: C 18,44, 18,48; H 2,11, 2,07; P dl Ci 54,85, 55,03 
C,H,0,C1,P. Calculated C 18,63; H 1,96; P $2,02; C1 54,86". 


Preparation of dclethy! ester of a-acetyl- B-dichlorocthytphosphinic actd, 1. In the absence of base. 
Over a period of § an hour, 18.4 g (0.4 mole) of absolute ethyl alcohol, diluted with 25 ml of ether, was added 
with stirring to a solution of $1.6 g (0.2 mole) of freshly distilled acid chloride of a-acetyl-8 ,8 -dichlorcethyle 
phosphinte alcd. {0 150 ml of ether, The reaction mixture was then heated for 2 hours on g water bath at 25- 
30°, flushed with ale for 1 hour,and vacuum d'stilled, 


We obtained 34.7 g (62.5% of theoretical) of the clethyl ester of a-acetyl-B ,B-dichloroethy!phosphinie 
acid, It bad b. p, 111-112°/2 mm, 1.462C; dy? 1.2465; MRp 61.11; 59.75. 


Found 34,87; P 11,66; 11,21. 125,44; 28.37 


2, In the presence of pyridine. A mixture of 29.5 g (0.634 mols) of absolute ethyl alcohol and 50 g (0.634 

mole) of pyridine was added dropwise to a solution of 81.7 g (0.317 mole) of the acid chloride in 200 ml ofethyf 
ether with stirring and cooling to-5-10°. On the following day the salt was removed and washed with ether, the 
solvent evaporated and the residue vacuum distilled, We obtained 45.6 g (52% of theoretical) of clethyl ester of 
@-acetyl-B ,B -dichloroethylphosphinic acid with b, p. 111-112/2 mm. Even after two or three distillations, the 
substance contained a small amount of the ester of a-acetyl-8 -chlorovinylphosphinic acid, 


Found % : C 35,72, 35, 99, H 5,87, 6,04; P 11,67, 11,9", 


Preparation of diethyl ester of a-acetyl-8 -chlorovinylphosphinic acid. To a solution of 25.5 g (0.093 
mole) of diethyl @-acetyl-6 ,8 -dichlorophosphinate in 100 ml of benzene was added 9.3 g (0.092 mole) of trie 
ethylamine and the mixture heated under reflux for 2 hours, The salt formed was removed and washed with 
benzene; the benzene solution was washed once with 25-30 ml of a concentrated aqueous solution of sodium 
sulfate and dried over magnesium sulfate, After removal of the solvent, the residue was vacuum distilled, We 
obtained 19.45 g (88% of theoretical) of the diethyl ester of @-acetyl-B ~ehlorovinytphosphinte acid, tt had de pe 
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102-103°/2 mimy 1.4645; 1.18615 MRp 66.835 calc. 64.42, 


Found C 30,49, 39.85; H 6,09, 6,23; oi), 

Preparation of acid chloride of aeacetyl-B -chlorop:openylphosphinic acid. With stirring, g (0.2 mole) 

Of freshly distilled tsopropenyl acetate was added dropwise to a suspension of 83.2 g (0.4 mole) of phosphorus 

pentachloride in 100 ml of CCly. Stirring was continued for a further] hour while the bath temperature was grade . 

ually rafsed to 70°75°, On the following day sulfur dioxide was passed (with water cooling) until the precipitate 

dissolveé completely. The solvent, thionyl chlorids and phosphorus oxychloride were then removed fn vacuums i 

at 30-35%; the residue was distilled at 5 mm, After a small head fraction (3-4 g), the acid chloride of a-acetyle : 4 

B -chloropropenylphosphinie acid was collected: {t had b. p. 120-127/5 mm. The yteld was 33 g (707% of theoree 

tical). On redistillation, the substance boiled at 112-113°/1.5 mm and had 1.52335 1.44135 MRp 49.045 

calc. 47.78. 


Found 25,20; 25,44; H 2.65, 2,64; P 13,02, 19,22: C145,48; 45,43 


Preparation of diethyl ester of a-acctyl-B -chloropropenylphorphinic acid, A mixture of 65.7 g (0.68 mole) 
Of pyridine and 32 g (0.68 mole) of absolute ethyl alcohol was added dropwise with stirring and cooling toe 
solution of £0 g (0.34 molec) of freshly distilled acid chloride of a-acetyl-B acid fs 
200 ml of ethyl ether.” The salt formed was removed and washed with ether, the ether removed and the residue 
vacuum distilled, We obtained 65.4 g (75% theoretical) of the dlethyl ester of a-acetyl-B -chloropropenylphose 


phinte actd with b. p, 114-115'/1 mm, 1.4710; 1.1726; VAR, 60.703 calc, 59.046 
Found C 42,46; 42,50; H 6,61, 6,56; P 12,05; 14,69; Cl 13,99 § 
Calculated Fa 42.46: "H633: ‘P4246 
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SCANDIUM SELENIDE AND TELLURIDE 


A. Aw Men‘kov, Le. No Komissarova, Yu. P, Simanov, 
and Academictan Vict. I. Spitsys 


M, ¥. Lomonosov Moscow State University 


The selenides and tellurides of rare-earth elements are of Interest as semiconductors, Some of the propere 
tles of selenides of urlvalent lanthanidss and scandium, obtained from the anhydsous chlorides, are described 
the Mterature [1]. There are no data on the crystal structure of the selenides of these elements, Only the tellue — 
tides of divalent cerium, europlum, samarium, and ytterblum are known (2, 3,4}, No tellurides of trivalent rarse 
earth elements have been described fn the Itcrature, 


We synthesized scandium selen{de and telluride from the elements, Metallic scandium was obtained by 
thermo-calclum reduction of anhydrous scandium chiorlde, synthestzed by chlorination of spectrally pure scage 
dluin oxide with carbon at 1000° (5). This scandium oxide contained less than 0.005% of Impurity, It wat pree 
pared by thfocyanate extraction and precipitation of scandium oxalate (6). “Rectifier grace® selentum, >99.99%, 
pure, was not purified further, High purity tellurlum, >99.99 %, was obtained from technical tellurlum contala- 
ing ~5% of selenium, copper, lead and fron, The selentum was removed by two reprecipitations of tellurium 
dioxide, which lowered the content of {t from 0.5% to >0.0002%(7), Tellurium was separated from heavy metals 


TABLE 2 
X-ray Analysts of Scandium Selenide 


Ko. pity | No, hkl | found] cate. | 
1 | 4 | 5,400 40 | 2 {1,020 15 
2 | | 200 sizor | 3 ace 
3 22 14. 5,408 12 2 53! 0, 914110,9937 $,408 
4 | | 301 43 | 5 |600 +442 90081 §°405 
5 | 5 | 222 5'408 ae |S 20 5.410 
8 | 5 | $1408 
9 | 5 | 422 5: 


after being reduced with sulfur dioxide by sublimation fn high vacuum (10°*- 10 mm Hg) at 400° (8). 


For the synthesis of scandium selenide and telluride, samples of scandium and selenium (tellurlum) of 
the order of 3-5 g, welghed with an accuracy of up to 0.0001 g, fn an atomic ratio of 2:3, were carefully mixed 
and placed {n quartz ampovles of ~10 mi volume, which were then evacuated to 10°¢- 10 mm Hg and sealed, 
Ampoules with a mixture of tellurium and scandium were heated {n an electric furnace for 3 hours at 400°, thea 
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the temperature was salsed tv 500° over & hours and subsequently to 1000° over 4 hours, The temperature conditions 


_ were changed somewhat In the synthesis of scandiuin sclenide, The mixture was first held at 300° for 3 hours, thea 


the temperature was ralsed to 600° over & hours and finally 1000° was reached over 6 hours, ‘The scandium cont- 


pounds were annealed at 1000 for 6 hours, 


TABLE 3 
Xeray Analysts of Scandium Telluride 
Ling Bfounds | Line | tatea- 
No. found jcale, kX No. |alty hkl found calc, kX 

2 414 5,381 4 1,117 117 

3 200 |2,009}2,902] 5,818 17 2 440) 11,027 1,027 5,805 

41%] ° |2,613) — 18 | 5 $,805 

5 1% 1 12,3471 — 19 | S | 6004-442 5,808 

6 4 1 (333)]2,230] — 20 G20 5,803 

2 835] $754/0,8752/ 5, 

9 | 4° | ‘319 4,750] 5,603 23 | | 
10 4 222 5,805 24 3 444 ,8377/'9, 8379) $,803 
if (640),/4,612) — 25 4 1719-4553 3128) 0, ,8123) 5,805 

Ogy *5,805-£0,005 xX 
*Probably a stray impurity. 


The scandium selenide and telluride were tnfusible crystalline powderss the former was brownlsh violet 
and the latter black. Ths compounds obtained were lavestlgated by the x-ray powder method, The pictures 
were takea with a BSV electron tube with a copper anode and without filter, The {ntensity of the tines was estle 


TABLE 3 


Values of Density and z for Scandium Telluride and 
Selenide 


Censity, g/ce s 
Compound 
pyknome- from pyk 
tically at] x-ray |nometsic 
22° density 
Te, $26 | 832] i132 1% 
SegSeg 451] 455 | 133 


mated visually according to a scale of five, The 
x-ray pictures were measured on a comparator 
with reading accuracy of 0.065 mm, The results 

of the x-tay analys!s are presented Ia Tables 1 and 
2; theS-Iines are not given, 


All 16 lines of the scandium selenide picture 
were teadily Indexed fcr a face-centered cubic late 
tice with a = Sy 3 & 0.005 kX (see Table 1), Of 
the 27 lines of the scandium telluride picture Isted 
in Table 2,20lines were satisfactorily Indexed fos 
a face-ceatered cubic lattice with a = 5.805 2 0.008 
kX. Uf we consider lines No, 6, 8, 11, and 23 oa 
the pictue of ScgTeg, then they are assigned the 
structurally possible Indices (333), (620),, (640),, 
and 1262), in a double lattice with a = 11.61 
kX. The three unindexed weakest lines oa 


picture of ScgTes (Nos, 1, 4, and 5) cannot be ascribed to metallic scandium or tellurium and probably arise from 


stray impurities, 


We ce*ermined the densities of scandium selenide and telluride at 22° pyknometrically with bromoform 
(see Table 3), The value obtained for the density of scandium selenide agrees well with literature data (4.58 


g/ce (1). 


On the basts of the molecular weights of on and ScgTes, the pyknometrle densities and the lattice parse 
meters, the of formula units in the elementary cell of both — Ges 3). Thus, the 
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crystal structure of both scandium selenide and telluride fs of the type y*# (9). ‘The structural defects 
concern scandium fons, With scandium telluride, lincs No. 6, 8, 11, and 23 Indicate partial transition of the 
structure y°@ Into the structure Al,O, with a regular distribution of scandium fons, 


Similar structures are found for indium telluride, In, Tes (10] and also gallium selenide and telluride, 
Gay Seg and GayTe, [11}; they can be considered as a type of sphalerite, but with defects witu respect to the metal 
fons, The presence of the strong Ines (200) with scandium selenide and telluride oo indicates that they 
are of structural type ys 


CITED 

(1) W. Klemm and A, Koczy, Zs. Anorg. u. allgem. Chem., 233, 64 (1997). 

(2) E. Montignie, Bull, Soc, chim. Frances 14, 748 (194). 

(3) W. Klemm and H, Senff, Zs, anorg. allgem, Chem,, 241, 259(1030). 

(4) H. Senff and W. Klemm, Zs, anorg. allgem. Chem., 242, 92 (1839), 

(5) F. Pewd, V. Prochizka, and B, Hijek, Chemicke listy, 50, No, 11, 1696 (1956). 

(6) W, Fischer and R, Bock, Zs, anorg, allgem, Chems, 249, 148 (1942}o 

(7) A. Pashinkin, A, A, Men‘kov, and A, V. Novoselova, J. Inorg. Chere, 2, 826 (1°STo 


(8) A. V. Novosclova, A. Pashinkin, A. A. Men ‘koy, and A, &, Bull, Inst. Higher Eds, 
Giem. and Technol, 1, No. 6, 9°23 (1858). 


(9) G, B. Bokif, Introduction to Crystallochemistry, (Moscow, 1954) p. 408° 
(10) H, Hahn and W. Klingler, Zs. anorg. Chem., 26), 97 (1049). 
(11) H, Haba and W, Klifagler, 2s, anorg, Chem., 259, 135 (1949). 


Received June 11, 1959 


> 
. 
. 
14 
- 
: ° . 
698 
. 
a 


; 
‘ 
he 
=? 
id 
q t 
4 
we 
q 


DENSITY AND SETS OF ISOALKANES 
A. P. Meshcheryakov 


N, D, Zellnsktf Institute of Organic Chemtrtry, Academy 
of Scfences USSR 


(Presented by Academician B, A, Kazenskif, April 10, 1959) 


The possible number of lower lsomerie alkanes was cetermiocd by Butlerov [1) and of the higher ones, fa 
papers (2-6). Tne first fsoalkane, 2-methylpropane, was synthesized by Eutlerov(1), At the present tims, all 
the Cy-Cyy fsomers predicted by the theory of chemical structure have been synthesized, The aumbes of 
aikancs synthesized fs small (7-10), 


Depending on thelr structure, {scalkanes may have a higher or lower density thao that of the n-alkanes 

with the same number of carbon atoms, Beginning with hydrocarbons with the composition C,Hj,, lsomers With 

a greater censity than that of the n-alkanes predominate among the {soalkanes, Thus, 5 of the 9 fsomeric hepe 
tanes, 12 of the 18 fsomeric octanes, 27 of the 35 nonans fsomers and 64 of the 75 decane {somers have a greatez 
density than that of the corresponding n-alkanes, A comparison of the densities of known alkanes shows that 
among them there are no two Lomers of the same composition with absolutely Identical densitles but omens 
simflar {a chemical structure may also have extremely similar densities, differing only In the fourth and 
places, Since most branched alkanes with the composition CpH:, and above have not been synthesized and the 
synthesfs of all possible fsomess fs a problem practically, for the calculatlonof density fs advant-geous 
to choose from the great number of {somers only certain fsoalkanes that Interest us and then, ff necessary, to 
synthesize them. The censity of lsomerie heptaces and octanes was calcul-ted og the basis of molecular volumes 
of groups by Huggins (11) and the densliy of nonancs, decanes and uncecanes w_s calculated by Francis (12) om 
the basis of density increments he deduced for lsoalkanes of 9 types with different degrees of branching. Tatevskil 
(13) put forward a scheme for calculating the molecular volumes of alkares on the bas!s of suotypes of bonds of 
the atoms forming the molecule, and so-called “constants” of effective volumes ofthese subtypes of bondswhich 
made {t possible to calculate the density of alkanes from the formulas for thels chemical structure, 


According to this scheme (13), the molecular volume cf alkanes at 20° {n ml/mole fs 
# MggAgg (22.90), where A represents the constants of effective volumes of subtypes of bonds and thels valvuesare 


given in brackets; diate * (M/ViDeales where M is the molecular weight of the alkane; ois the oumber of the 
Gifferent subtypes of bonds In the alkane, 


In comparison with other methods, this wns calculation of the density of alkanes by Tatevskil's 
method [13] gives data which {s more {n agreement witu experimental values, However, the so-called “constants® 
of the effective volumes of the bonds were calculated on the basis of expertmental data referring predominaotly 
to Cy-C,, alkanes and to a lesser extent to higher alkanes as less of them ate known, Calculation of the density 
of higher {soalkanes of complex chemical structure according to the scheme {n (13) smooths out the differences 
in the geometsy of the molecules® and does not allow for the {oteraction of the atomic bonds, Ia connectios 


we 


* The problem of the effect of rotation fsomers on the density of alkanes requires further examination (6-19), Is 
Particular, a calculation scheme was discussed at the conference on October 1, 1958 in the Institute of Organie 
Chemistry, Academy of Sciences USSR, In the report of V. M. Tatevskil, Yu. A. Pentin, E. G, Treshchov, and 
Kh, Keslerz “Potation {somerism and the energy of formation of hydrocarbons” (23), 
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with this, calculated data may differ somewhat from experimental values tn the third and fourth places (even 
teaching 0.018 sometimes) and evidently, In ordee to obtala more accurate results, some tefinement ls needed - 
of the so-called *constants® of the effective volumes of the bonds, especially for calculating the density of Cyge 
Cog lsoalkanes, Thus, according to our data, when the “constant® Az, 8 15.96 was used In Tatevskil’s scheme to 
calculate the density of tlalkylmethanes with the compositlonG,,Hy~C;Hy, synthesized by Challenger and Pane 
tony (15), data were obtained which differ from the experlmental values by 0.0167 and whun Ag = 16.3, which 
we calculated from experlmental data on the properties of alkanes with the composition Cyyl4;,°C,gH4, the dife 
ference wes only 0.0032, On the basis of experimental data (7-10), data calculated by Francis (12) and data 

_ from our calculations by Tatevskil's method (13), we constructed a graph (sce Fig. 1) of the Increase In the dene 
alty of alkanes with the composition Cy-Gp, where the 
density of nealkcnes plotted on curve 1, the minimal 
density of {soalkanes on curve 2,and the maximal density 
of Lsoalkenes on curve 3. 


From these data It follows that the following, for 
example, have a lower density than that of the correse 
ponding n-alkanes: 2,4-dimethylpentane 0.6721, 
2,2, A-ulmethylpentene — dy’ 0.6919; 2,2,5-trimmethyle 
hexane dj" 0.7071; 2,2,5,5-tetramethylhexane ~ 
0.7183; 2,2,4,6-tetramethylheptane — 0.7335; 2,6¢ 
dimethyl-4-propytheptane — 0.7443; 2,5,9-trimethyle 
Zecane 0.7546; 2,2,13,13-tetramethyltctradecane 
dy 0.7742 (calculated) and certain other lsomens (see 
Flg. 1, Curve 2), The maximum density ts possessed by 
| 3-ethylpentane 0.6982, among the heptanes; 
Number of C atoms -——e methyl-3-ethylpentans 0.7274, among the octaness 
2,2,3,3-tetramethylpentane among the nonanesy 
3,3,4,4-tetramethylhexane 0.7824; among the dee 
canes and 3,3,4-trimethyl-4-ethylhexane 0.7978, 

among the undecanes. Our calculated data show that 
the fsoalkanes with the composition CyHy,, the 
of lsoatkanes (Cg-C,, experimental data, 
calculated),  hydrecarbon with the highest density has a density of 

0.8246, with the composition Cyt,,, a density of 0.8420; 

a density of 9.8576; dy" 0.8718; 

0.9844; density of 0.9 (see Fig. 1, Curve 3) and for Isoalkanes with a density mayexlst, 


Fig. 1, Density of alkancs with the composition 
Gage 1) Density of n-alkanes; 2) mine 
mum density of tsoalkancs (Cg-Cys experimental 


Iscatkanes of the type and 


have the highest density, An examination of the possibilities of constructing {soalkane molecules from a gives 
number of atoms and number of different subtypes of bonds of these atoms shows that,on the basis of only the 
number of subtypes of atomic bonds, {t Is not possible in all cases to determine unequivocally the chemical struce 
ture of the alkane molecule as in principle two cases for the construction of the molecules are possible: 1) with 
a given number of subtypes of atomic bonds, it ls possible to construct only one lsomer and 2) with a given gume 
ber of bond subtypes ft ts possible to contruct several lsomers, Tnus, each alkane with the composition of C,Hyg> 
GyHyg may be characterized by a definite number of different bond subtypes of the given class of hydrocarbons, 
f.e., with a givea number of different bond subtypes, Just this one fsomer fs possible. However, beginning with 
CyHyy, with the same number of bond subtypes it becomes possible to form not one, but several fsoalkanes, ia : 
particular, two lsooctanes: 3- and 4-methylheptanes with dy’ 0.7058 and 0.7046 (0.7046 cale.); three methyte 
Bonanes: 3, 4°, and S-methylnonanes with 2" 0.7335, 0.7323, 0.7325 (0.7332 cale.); two(3,4- and 4,5-) die . 
methyloctanes; two and 4,4-) dimethyloctanes; two fsodecanes: 33,4,4-tetramethylhexane with 0.7826 
{10} and 2,2,3-timethyl-3-ethylpentane with 4° 0.7818 (14), (0.78178 calc.) ete. We have called such groups 
Of lsoalkanes,which have the same number of different subtypes of atomic bonds but different chemical structuret, 
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sets of Isoalkanes. As stated above, each member of a set of fsoalkancs has the same number of different bond 
subtypes and by calculating the dciuiiy of one of iherm we will know the approximate density of any other meme . 
ber of this set with an accuracy to the third place. As the molecular wefght increases, the number of sets grows | 
and witn an increase in the degree of branching of the alkane molecule, the density of each fsomer gradually ine 
creases, reaching the possible maximum, In contrast to the lower alkanes C;Hyg-C,H3, where there are single © 


isomers with the maximal density, among the higher ones, the existence of sets of alkanes with maximal ail 
very close to maximal density fs possible, 


Among the lsomers of tetradecane there {2 @ set with the maxima! density of 0.8576, conalsting of two 


members 2,2,3,3,4,4,5,5-octomethylhexane and 2,2,3,4 A-pentamethyl-3-test.-butylpentare, a set with a dene 
sity of 0.8574, 


Let us consider the method of finding the members of a set with a given density, Let ws take Cyt 


2 | 
-¢ 2, 2,4,4- tetramethyl 


which has a censity of 0.6574, calculated on the basts of the numtes of bond subtypes fo the given fsoalkanes 

Ag © 15 2; Ayg ® 63 Arg 05; Azg 0; 1; 13 2. Without changing the number of differeng 
subtypes of bonds Indicated, but by changing the order of attachment of the groups {a the molecule by the Intese 
change of radicals, for example, In order of precedence, we obtaia fsoalkancs of different chemical structure = 


new members of the set, Thus, by exchange of the methyl group at the 2nd carbon atom (methol-2-) with the 
ethyl group (ethyl-2-) we from 


cc ¢ 
! 
By exchange of methyl-3 with tsopiopyl-4, trom Tt we obtais 
By exchange of methyl-S wiih {sopropyl-3, from we ovtaia 
_d —C—C 3,3,4,4,5,5,6-heptamethyIheptane, (Iv) 
| 


Obviously, the members of the set can be found similarly, beginning with IV, III or I, 


Among the fsopentadecanes there fs a set witn the maximal density of 0.8718, consisting of four members ané ; 


one with a density of slightly less than 0.8704, also consisting of four members, there fs also a set with a density 
of 0.8453, consisting of six {somerss 2244.5.5- hexamethyl-3-ethylheptane, 3,3,4,5,5,6,6-heptamethyloctane 
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_ drocarbons and Related Compounds, (Pittsburgh, 1953). 


ete.s the sct of fsohexadecancs with the naximal density of 0.8844 consists of five members,and that with dene 
alty of 0.8740 also consists of flve members. The number of members of scts of lsoatkancs with the :wax!mal dene 
atty and close to it increases gradually with an increase fn the molecular welght and for hexatrlacoutane there 
can exist sets of lsoalkanes with a density of ~1.0 (20.01), consisting of 78 and more members. 


This possibility of the existence of sets of fsoalkanes, expectally those with maximal density and sets close 
tothis, makes it possible, from a consideration of the steuctural formulas of all the members of g famlly cf lo 
alkanes, to choose from them the hydrocarbon whose synthesis Involves least difficulties from steric hind:ance 
and the phenomena of lsomerization and dissoclation of the starting compounds, The {dea of sets may ulso be 
used {n characterizing other classes of hydrocarbons, in particular, the higher fsoalkenes, ecetylente hydrocarbons, 
and certain other classes, After becoming acquainted with our work, V. M, Tatevikil (20) began investigations to 
determine the number of sets of lsoalkanes, 
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HETEROGENEOUS CATALYTIC COURSE OF BENZENE PYROLYSIS 


A. P. Rudenko and Academictan B. A. Kazanskil 
M. V. Lomonosov Moscow State University 


When benzene vapor ts heated above 500-600° fa the presence of the most vasced catalysts, échydrocondens 
sation reactions occur and the main one of these {s diphenyl formations 


2C Colla + Hy. 


Beginning with Berthelot (1), many Investigators have studied the synthes{s of diphenyl by the pyrolysis of benzene, 
though until now no Iight has been shed on the roje of catalytic surfaces in the pyrolysis, The opinion fs held 

that all pyrolysis reactions are non-catalytic and purely thermal (2, 3) and that this Includes the dchydrocondensae 
on of benzene {4-6}. The basis of this opinion Js the hypotheses (far from proved) on the indifference of the 
nature of the catalyst for benzene pyrolysis reactions and the fact that the reactions themselves are homogeneous, 
On thé other hand, a series of authors consider that the dchydrocondensation of benzene fs a neteregennous catale — 
ytle resction (7-10), without presenting specific evidence, This Is supported by the fact that different snows 
Catalysts are used In the pyrolytic preparation of Cipnenyi from benzene and by the search for better catalysts, 

as shown by the large patent Literature, 


In this work we studicd the role of the catalyst surface {0 ths slit reactions of benzene, especially the 
formation of diphenyl, and the specificity of catalysts of different natures, 


The work was carried out fa a Mow apparatus for hetcrogencous catalytic Investigations with a detachable 
Quartz reactor [11] by tiie ante gp we developed (12). The volume of the catalyst was 5 ml, The volume rate 
of benzene input was 1,0 hour"*, The experiments were at atmospheric pressure. The carbon was allowed for 
by welghing the reactor on analytical balsnces. The diphenyl wes estimated after evaporation of the beazans 
fromm the quantitatively collected catalyzate, 


Carbon formation during benzene pyrolysis fs undoubtedly a heterogeneous process since the carbon fs 
formed 5s a film on the walls of the apparatus and on the surface of the catalyst mass. The differences in opine 
fons with respect to the heterogeneity or homogeneity of benzene pyrolysis seactions apparently only refer tu the 
reactiors by which diphenyl and othez volatile producis are formed, 


In our experimen:s, increasing the surfsce of the catalyst had a positive effect, which may be considered 
to show the heterogeneous catalytic character of the reaction, for if it were homogencous there would not be any — 
effect. However, the specific catalytic activity of the catalyst did not remain constant, As follows from Tahle 
1, an increase in the catalyst surface by 70 and 220% led to a considerably smaller increase in the rcection rate 
at temperatures below §25°, With an Increase In temperatwe from 700 to 825°, a gradual Sacrease 19 the reaction 
tate was observed and at 825° the Increase in rate cormcsponded to the increase fn the catalyst surface, fe., unces 
these conditions the surface of silica glass has a constant specific catalytic activity. 


To study te specificity of different catalysts in the pyrolysis reactions, we investigated a series of deposited 
Catalysts: metal-silica gel (see Table 2). Approximately identical molar amounts of wt{ferent metals (0.5-¢ 
weight %) were deposited on ASK silica gel by impregnation with a soiution of the nitrate with subsequent decome 
position and reductioa, 
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TABLE 2 


Effect of Specific Surface of Catalyst on the Reaction Rate of Dipnenyl Formation tn Benzene Pyrolysis 


Increase Insure] Increase In reaction rate in compasison wim an 


Catalyst 


Expestmental conditfons|susface 


face 1a come 
parison with 
reactoy 


empty reactor with the same contact ume, % 


at 700° 


at 730° 


at 750° 


at 775° 


at 800° 


Empty silica glass 

reactor 

Reactor with silica 
glass filling 


Reactor wita silica 
gless filling 


247 


432 


197 


70 


18 


46 


10 


11 


67 


27 


117 


46 
* The surface was determined by geometsical calculation, The value of the surface also included the catalyst 
tubs surface which was at the experimental temperature, 
The catalysts had sfm{lar surfaces (according to benzene adsorption at O°, the specific surface was ~100 


m*), f.¢., the observed differences in specificity may be assigned wholly to differences In the natures of the de~ 
posited metals, 


As follows from Figs. 2 and 2, clear differences exist In the specificity of the catalysts Investigated, * Irom 
on silica gel shows a greater catalytic activity in diphenyl fommatton than Ni and Co (sce Fig. 1). In thele turn, 


TABLE 2 


Coinposition of Catalysts and Ratlo of Rates of Diphenyl and Carboa Formation fa Benzene 
Pyrolysis 


Ratio of rates of and carbon formatioa 


Catalyst 


conteit, g-at. 


at 
wr 


at 


at 


at 


Silfca gel 

Fe on silica 
Ni on silica gel 
Co on silica gel 


Cu on silica gel 


OO 


Ag on silica gel 
V0, oa si*ica gel 


Nw 
OO 


WuNnonouw 
w 
oe 


the Last two catalysts behave almost Identically and are very similar to Cu on silica gel. V,O, on silica gel ts 
even less active in diphenyl formation than Cu, Ni, and Co, but fs more active In carbon formation (see Fig. 2). 


Ag, Fe, and V;0, on silica gel cause maximum carbon formation at 800°, while this maximum Is absent with 


Besides the difference in comparative value of the catalytic activity fa the processes of diphenyl and care - 
bon formation, the results obtained laodicate the existence of very sharp differences in the rates of the two maia 
benzene pyrolysis reactions (diphenyl and carbon formation) on different catalysts, The value of this ratio may 

_ be considered as a definite measure of the specificity of the catalyst for one os the other of the processes, 


| 
at 825° 
9 
6s 
. 
: 
: 
: 
7 
3,8 
1,3 
1,8 
2,8 
1,9 
6,3 
2,4 
4,0 
| 
. 
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As follows trom Table 2, each catalyst {s characterized by a definite course for the change fa this value 
with an Increase {n temperature, which ts also characteristic of the specificity, Thus, ia the cate of fron, nickel, 

and cobalt catalysts, maxima were. observed in this value at certain temperatures in the case of Cu and Au, the 
value fell sharply with an Increase io temperatures in the case of Ag were was a minimum at 600°; on the cous 
trazy, in the case of V4O,, an increase fo the ratio was observed with an Increase In temperature. 


Fig. 1. Temperature dependence of crude diphenyl ylelds {n benzene pyrolysis o@ 
catalysts on silica gels A) Fe (1), Ni (2), Co(3); 6) Cu(1), Ag (2), Av (3), VzO, (4)0 


On the basfs of these data {t must be admitted that the nature of the catalyst {s by no means as Indifferent 
as {s sometimes accepted [4, 5) and clearly detectable pecullarities can be discerned fn the specificity of the ‘ 
catalysts and fn thelr catalytic activity with zespect to the separate reactions of benzene eshydrocondersation, 

The specificity of the catalysts also Indicates a heterogencous catalytic mechanism for benzene pyrolysis, 


In connection with this problem, we should note certain {nteresting facts un phy:ical changes {n the surface 


of the catalysts which occur only fo the sphere of the reaction and are not observed nay simple heating of the 
Catalyst fo an Inert medium 


Fig. 2, Temperature dependence of carbon yields fn benzene pyrolysis on catae ; 
lysts on silica A) Fe (1), Ni (2), Co(3), B) Cu (1), Ag (2), Au (3), Vg (4) 


During experlments at 500-800°, on participating {n the pyrolysis reactions of benzene (up to 20% of die 
phenyl was formed and no carbon), the grains of a copper catalyst underwent more or less strong “welding® at 
thelr point of contact with each other and the strength of the “welding® was greater the higher the experimental 
temperature and the closer the grains to the front part of the catalyst bed (the temperature was the same throughe 
out the bed), There was no “welding® in analogous experiments in an inert medium of nitrogen, As followed 
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from mlctoscople Investlyations, the “welding of copper grains occurred as a result of recrystallization, 
under the conditions of benzene dehydrocondensation, copper atoms migrated along the surface of the catalyst. 


From the appearance of sections with micro-cracking and optical antsotropy, we observed microscopically 
the recrystallization of amorphous silica glass as a result of its participation fn the pyrolysis of benzene at 700° 
750°, When the glass was neated at 730° In the reaction sphere for 12 hours, complete recrystallizatioa of the 
surface occurred, Simple heating of silica glass In an atmosphere of nitrogen at the same and a higher temperae 

_ ture did not lead to any changes, In this case, the recrystallization evidently was also connected withthe mie —. 
gtation of atoms or groups of atoms on the glass surface. In the opinion of Batandin (14), the migration of catas 
lyst atoms must consist of the transfer of a whole multlpict complex, which also Includes the atoms of the active 
ceater, from one place to another with {ts subscquent decomposition In the new place. The migration of catalyst 
atoms as a result of the thermal motion of catalytle complexes {s more favored energetically than thels movement 
fromm natural thermal motion (the encrgy of removal of 3 multiplet complex from the lattice, Ay_y yo ls consle 
derably less than the heat of sublimation of ths catalyst, Ay). : 


The fact that we ovserved recrystallization of the catalysts only In the reactlon zone of benzens pyrolysis 
and did not observe it when the catalysts were neated {n en {Inert gas can only be explained from the polat of 
view presented, It can be assumed that due to the heterogeneous catalytic character of diphenyl formation, the 
migration of atoms and groups of atoms of the catalyst {s facilitated dus to the formation of catalytic complexes, 
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DEPENDENCE OF THE HY DROGENOLYSIS OF ORGANOSULEUR comPounps 
ON THEIR STRUCTURE 


$. Re Sergionko and V. N. Perchenke 
(Presented by Academician A, A. Balandin, May 6, 2959) 


After the classical work of S. V. Lebedev and his co-workers (1, 2, 3), selective hydrogenation found wide 
application both es a method of establishing the structures of unsaturated hydrocarbons and as a method of analyze 
ing multicomponzat mixtures of ethylenic hydrocarbons, 


In recent years, In petroleum chemistry, the study of the structure, properties and reactions of organosulfus 
compounds, which are present {9 considerable amounts {n medium and high-moleculas fractions of petroleum, 
has acquired great practical value. In this connection, communicatiors have begun to appear fa the IMterature 
quite frequently on the application of catalytic hydrogenation to the solution of the structure of organosulfur come 
pounds (4), Raney nickel Is used most frequently In these cases. In our previous work (5S) {t was shown that the 
ecsulfurization oforganosulfur compounds proceeds smoothly in the presence of such 8 catalyst as a mixture of 
tungsten and nickel sulfides deposited on aluminum oxide, This catalyst fs used for destructive hydrogenation af 
high temperatures, while at temperatures of 250-270° It promotes selective hydrogenation, directing the attack 
of hydrogen to C-S bonds, It seemed Interesting to use the high selectivity of this catalyst for developing a methe 
04 of group anslysis of organosulfur compounds present In medium and higher petroleum fractions, The first and 
matin step In solving this problem was a stucy of the desulf:tzation rates of individual synthetic organosulfur come 
pounds of varlous structures under mild, selective catalytic hydrogenation conditions, 


To solve this problem we wed 8 Individual organosulfur compounds, By the example of some of these come 
pounds, we showed peviously (6) that they were desulfurlzed at very different rates in the presence of Raney rickel 
at 60° and this was caused by the difference {n the bond strengths. The use of a more selective catalyst such as 
a mixture of nickel and tung:ten sulfides deposited on aluminum oxide, made {t possible to obtain an even mors 


clearly expressed difference in the desulfurization sates of Individual organosulfur compounds of different struce 
tures, 


This catalyst has a series of essential advantages over Raney nickel, namely, it {s extremely stable to tong 
storage, fs Insensitive to poisoning by sulfur, has a high selectivity and stability during operation and, finally, fs 
an Industrial catalyst. In hydrogenation experiments we used a catalyst with a grain size of 1-15 mm. A cone 
stant weight ratio of catalyst: sulfur of 2:1 was mafatained In all experiments, 


The catalytic hydrogenation experiments were carried out {n a rotating autoclave with a capacity of 0.8, 
liter and at a temperature of 200° and a working hydrogen pressure of 200 atm, The organosulfur compounds were 
loaded {nto the autoclave as a solution in cetane (0.5 mole/liter of cetane), The course of the process was fole 
lowed by the change {n the sulfur content of the liquid phase, 


As was shown in a previous Investigation (7), the phenomena of {somertzation and cracking of the benzene 
ring were not observed in the presence of a nickel-tungsten sulfide catalyst at tempcratures below 250°. 


Thus, the temperature region we chose guaranteed a desulfurization reaction under conditions that Practle 
Cally excluded side and secondary processes, 


From the data presented in Table 1 and Fig. 1, it ts evident that the organosulfur compounds we investigated 


Clearly fitted into three groups with respect to the elimination of sulfur under nnn catalytic hydrogenation 
conditions, 
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TABLE 1° 3 | 
Rate of Hydrogenolysts of Organosulfur Compounds (220°, 200 atm) 


Sulfue Steuctural formula 
compounds 


Desulfurized, in %, after time, ta 


Dibenzyl sulfide 


Thiophenol 
Dipheny! sulfide 
Q-But phenyl 


bite thyldiph 
Benzthlophens 


Dibenzthiophene 


Tests) phenyithio~ 


100 


Not desulfurized 


Not desulfurized 


Dicthyldiphenyl! sulfide and dibenzyl sulfide were synthesized by S. D, Pustil ‘nikova. 
Z. Ke Zemskovs and P, V. Ratnikova participated in the analytical part of the work, 


©°73, 85, end 967, respectively, after 20, 24, and 23 hours, 


se 


Ditenzyl sulfide and thlophenol belong to the first group of the most read‘ly desulfurtzed compounds, In thts 


case, the sulfur wes removed completely after 2-3 hours, 


Ths second group consisted of aromatic and niixed alkyl aromatic sulfides, which required 14-16 hous 
{cr complete desulfurization, We should emphasize the preserce of a noticeable difference Ia the rates of desul- 


Desul furization 


i 


Fig. 1. Rates of hydrogenolysts of sulfur compounds, 
1) Dibenzyl sulfide, 2) thiophenol, 3) diphenyl sulfide, 
4) n-butyl phenyl sulfide, 5) ee sul fide, 
6) benzthiophene, 
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{urtzatlon of this group of ccmpounds, 


Tre third group consisted of tetzasubsticured 
thiophenes (dibcazthlophene and tetraphenyl thio- 
phene), which were quite stable under the condl- 
tions of our experiments (220° and 200 ctm of hye 
drogen), Desulfurszation of dibenzthiophene bee 
came noticeable only at 250° and tetraphen;Ithio-- 
phene was evea more stable. A disubstituted thio- 
phene (benzthfophene) occupied an Intermediates 
position between the second ard third groups, 


If we cake the time: foe S0% desulfurizatioa 


of dibenzyl sulfide as unity, then we obtain the fole 


lowing (Table 2) values foe all the organosul fur 
compounds {nvestigated and these characterize the 
relative rates of thels desulfurizatioa, 


A comparison of these data shows that 8 


. phenyl group {na position @ to a sulfur atom is 


a carbon chaln very considerably reduces the strengt® 
of the C-S bond, while moving this group to a posie 
tion B to the sulfur atom almost completely elle 
minates Ju effect on the strength of the .C-S boad 

{a the chain, The strength. of a C-$ pond ina 
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TABLE 3 
Relative Rates of Desulfurtzation of Organosulfut Compounds 


Organosulfur | Relative rate of Organosulfur | Relative sate of 
compound hydrogenolysts compound hydrogenolysis 


Dibenzyl sulfide i n-Butyl phenyl 11 

sulfide 
Thiophenol 25 Diethyld!phe 
sulfide 
Dipheny! sulfide 7 Benzthlophene 2s 


thiophene ring {s much greater than fn an aliphatic chain, At the present time, we are elucidating the effect 
of the degree of substitution of the thiophene ring and the fature of the substituents on the strength of the C-8 
bond, 


The amount of sromatic hydrocarbons (benzene, toluene and ethylbenzene, respectively), which must be 
formed on temoval of the sulfur atom fiom the organosulfus compound, was determiacd fn the pastas products, 
In all cases about 907 of the corresponding hydrocarbon was found, 


Among the hydrogenation products, 6.7% of mercaptan was found fa the case of n-butyl phenyl sulfide and 
0.9% fa the case of benzthlophene.® This ls direct expertmental proof that the desulfurization proceeds as @ 
two-stage process with the intermed{ate formation of a mercaptan, 
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SPECTROPHOTOMETRIC INVESTIGATION OF PICRATES 
OF AROMATIC HYDROCARBONS IN SOLUTION : 


Be. Yao Teltel*baum and M. P, Disnoy 


Chemical Institute, Kazaa Branch of the Acacemy of Scfences USSR 


(Presented by Academician B, A, Arbuzov, April 27, 1859) 


Acharacteristl. of a large group of aromatic compounds {s thelr tendency to interact with polyaltre derle 
vatives of benzene and phenol and, in particular, pieric acid (1), The picrates of naphthalene and anthracene 


and thefe homologs are molecular compounds which crystallize readily and melt at a steictly defined temperac 
ture and they have often been prepared for the Identification and {solation of the corresponding hydrocarbons, 
The picrates of benzene aud Its lower homologs could not have been crystallized (2), 


Almost all aromatie hydrocarbons are transparcat to visible Might; thelr absorption ba.ics are fn the ultrae 
violet region (3). Crystalline picrates have a charactertstfe color, which {s dceper than that of pure pleric aci@, 
and Its intensity increases with the complexity of the hydsocarbon molecule (4), 


In this connection, the question arfses as to whether aromatic hydrocarbons can be characterized by the 
Hight absorptlor of thelr picrates, This could be useful especiatly in the Investigation of sultable fractions of 
petroleum and petroleum products, On the other hand, a systematic Investigation of the absorption spectra of 


‘SO Som 


Fig. 1. Absorption spectra of dichloro= 
ethane solutions of picric acid (1) andnaptha- 
lene picrate (2 — 0.01 M; 3 ~ 0.05 M; 4= 

0.1 M; 5 ~ 0.2 M); 6-0.1 M 2,3, epee 
naphthalene picrate, 


picrates could provide additional data on the phystcochemle 
cal nature of complex-tormation between aromatic come 
pound: and polynitio derivatives of benzene, 


The solvent we used was 1,2-dichlorcethane, which 
quite readily dissolves both picric acid and hydrocasbors as 
well as thelr picrates, 


Due to partial dissoclation on solution of naphthalers 
picrate In dichloroethane, an equilibrium fs set up betwees 
the picrate and {ts components, namely, naphthalene and 
pieric acid. However, In such a case an Identical result 
must be obtained by dissolving the picrate and by directly 
dissolving picric acid and naphthalene, takea In stolchiomee 
tric amounts, Experiment confirmed our hypothest!s and, sub 
sequently, fn investigating the absorption spectra of various 
hydrocarbons {t was not necessary to have {solated, crystalline 
picrates, This not only simplified the working procedure bug 
also extended che scope of the investigation to er 
whose crystalline picrates are unknown, H 


By the fsomolar series method [5), we obtained certaia 
data, characterizing the complex formed by naphthalene 
with picric acid fn dichloroethane. It was found that as ia 
the crystalline picrate, the components formed ¢ complex 
with a 1:1 molecular ratio in solution, 


. 
‘ 
! 
| 
8 
| 


Since the degree of dissoctatiun of the complexes Increased with dilution of the solution, most Invcstlgae 
tions were made with quite concentrated solutions (0.1 and even 0.2 M), They were prepared by adding samples 
of pure hydrocarbons, welghed on microbalances, to appropriate standard 0.1 or 0.2 M sulutions of pieric acid In 
dichloroethane. We plotted the absorption curves over quite a wide spectral range® and calculated the molar 
extinction € tor e series of sclutions (Fig. 1). While the molar extinction did not depend on dilution for solutions 
of pure picric acid, the form of the curves was different concentrations La the case of solutions containing aa 
equimolar amount of naphthalene in addition to picsic acid, 


The absorption spectra of the solutions investigated may be separated Into three parts, In the shorteste 
wave section of them (222-300 my), absorption bands characteristic of naphthalene hydrocarbons appeat. 


~The absorption maximum of picric acid (340 my) appeared fn the middle part. Here the molar extinction 
curves were the same for so‘uttons of different concentrations and containing different nydrocarbons, Together 
with the absorption spectra of naphthalene solutions, Fig. 1 shows the curve for a 0.1 M solution of 2,3,6-tclmethyle 
naphthalene, The curves coincide completely over the reglon considered, The abosorption Ls caused by picric 
acid here and {ts value remains unchanged tegardless of whether the acid Is free or bound In a complex, This 
fact was used for developing a spectrophotometsle method of determining the molecular welght of picrates (6). 


The longwave part of the spectrum characterizes the absorption of the picrates themselves, The higher 
the concentration of the iatter, the lowce fs the wavelength at which the absorption curve begins to branch out 
from the plerle acid curve. The greatest difference fa the 
course of the curves {fs shown fn the wavelength region above 
400 my, where the concentration dependence of the extince 
tion {s seen most sharply, 


This result conflsmed our opinion on the advantage of 
investigating picrates of aromatic hydrocarbons In the visible 
tegion of the :pectrum and proved the poss{bility of using the 
steeply falling edge of the absorption band for analytical pure 
poses, The character of the displacement of absorption band 
edge was the sime under the effect of a chenge in concentra 
tion and as a result of a change from one hydsocarbon to aae 
other, However, for solutions of a definite concentration the 
displacement of the adsorption band quit= uncqulvo~ally chare 
acterized the forming the with piede 
acid, 


Together with naphthalene and methyl! derivatives, 
certain non-condensed aromatic hydrocarbons were investigas 
‘ a ‘ ted, We also took an aliphatic hydrocarbon, n-heptane, but 
70 00a here the sbscrptioa curve did not differ from that of pure ple 
Fig. 2. 1) Abortption spectra of 0.1 M di- cric acd, It was not displaced efther when a mixture « solid 


chloroethane solutions of anthracene picrates 
2) of phenanthrene picrate; 3) picric acid For all the solutions investigated, the edges of the abe 
curve, sorption bands {n the visible part of the spectrum were almost 
parallel to each other and the separation between the curves | 
measured at a definite optical density, for example, at D = 1, may be taken as a measure of the displacement 
of the edge. Appropriate data are given in Table 1, The Investigation was carried out on an SF-4 spectrophotom- 
eter at room temperature, All the substances used were purifted and thelr constants compared with literature 
data. The purity of the series of preparations was established by sins the Raman — and the ultraviolet: 
absorption spectra, 
The great difference between the dimen of the absorption band for picrates of naphthalene and Its 
rivatives and the corresponding values for benzene and {ts homologs {s very noticeable, With an Increase ta 
the number of alkyl groups, the value of AX increases, as can be seen on the example of benzene, toluene, the- 
xyleres,and mesitylene, The same {s observed for naphthalene derivatives, 
* Due to the great differences in absorption ia different — of the _—— cells with layer thickness from 
0.05 to 100 mm were used, 
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Two Interesting pecullarties should be noted, “The first of these fs that the position of the alkyl groups fa 
the ring has little effect on the value of OA, The latter ts the same foro and m-xylenes, a= and B-methyle 
naphthalenes and 2,3- and 2,6-dimethylnaphthalencs and differs only slightly for mesitylene and pseudocumens, 


The second peculfarity ts the fact that the value of AX hardly changes when the alkyl! groups become more 
complex. Thus, they are very similar for toluene, ethylbenzene, and {sopropylbenzene (cumene) and for the xyle 
enes and cymene, At the same time, the introduction of pew methyl groups Into the ring considerably increases 


TABLE 1 i 


Displacement of the Edge of the Pleric Acid Band(A rn) at an Density 
of D=1 under the Effect of Equimolecular Amounts of Hydrocarbons 


0.2M 0.1M 02M. i 
solutions solutions solutions | solutions 


AD anf 


AD, 
np a 


Solutions without -Methylnaphth 


hydrocarbons | 412 | — | 419] — ne 420] 63 | 39] © 
Cenzene 432 | 421 2 [3-histhylnaph 
Toluene 413 4 | 423 4 alene | 68] 9 
Ethylbenzene 413 1 — | — 42.3-Dimetbyle 
Cumene 414 2 | — |] maphthalene | Sog O68 | — 
o-Xylene 416 | $ | 423 | 9 |)2.6-Dimethyl- 
Xylene 416 4 423 9 naphthalene | 08 | S37} 
p-Cymene 417 S 434 | 12 |/2,3,6-Trimethy} 
Dip phenyl 420 8 — | — || naphthalene’ | $37 | 128] 
Mesityfene 424 12 | 442 | 23 Tetta- 
Preudocumene 429 | 47 | 454 | 32 |ime.-naphthalend 577 | 165 — ~ 
Tetralion 423 | 44 | 437 | 18 | 52 — 
Naphthalene 455 | 43 | 481 | 62 [jPhenanthrene | 483 | 76] — | = 
590] 173] —| — 
Decalia ° 


the absorption, For naphthalene derivatives, a dependence close to linear {fs cbserved between the number of 


methyl groups and the value of the displacement In the edge of the absorption band, These observations may be 
useful {n determining the suucture of hydrocarbons, 


The displacement of the absorption band fn the case of decalin {s extremely small and the absorption of 
tetralin picrate fs of a simflar order to the values for derivatives of benzene and not naphthalene. The same may 
be sald of the absorption of diphenyl picrate. These facts Indicate that the considerable displacement of the ab- 
sorption band in the case of naphthalene and {ts homologs {s caused by the character of the conjugated condensed 
structure, The pecullarities of the condensed structures of tricyclic aromatic compounds are Indicated by the ese 
sential difference {n the absorption of phenanthrene and anthracene picrates, Figure 2 shows the at_orption curves 
we obtained for these substances in the visible and part of the ultraviolct regions of the spectrum. The greategs 
complexity of the absorption curve of anthracene picrate In the ultraviolet region {s explained by the — 
tion of the absorption of anthracens Itself [7) on the absorption maximum of picric acid, 


Thus, as a result of the work {t was found that the formation of picrates of aromatic hydrocarbons causes é 
displacement {n the longwave edge of the absorption band of picric acid, whose value depends on the nature of 
the hydrocarbon and the concentration of the solution, With an increase {n the number of alkyl groups fa the 
hydrocarbon molecule, the displacement of the absorption band edge Increases regularly, while an increase is 


the complexity of the alkyl groups, like a change in thelr position in the cyclic system, does not essentially afe 
fect the value of the displacement of the absorption band, 


The displacement of the absorption band edge at a definite optical density or the value of the absorptios 


at a definite wavelength may be used for ee the aromatic hydrocarbons a tt ata of colore 
metrically, 
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INVESTIGATIONS IN THE FIELD OF BORON COMPOUNDS ° 
REACTIVITY OF TRIALLYLBORON 


Academician A. V. Topchiev, Ya. M. Paushkia, 
A. Aw Prokhorova, and M. V. Kusashev 


Up to the prerent time there have been few {nvestlgatfons of boron compounds with a hydrocarbon radical 
with a doule bond, There fs information fn the Iterature (1) on the reactloa of B-chlorovinyl derivatives of 
boron with water, alcohol,end piperidine. The addition of bromine to pagan perege 4 ts also known (2) and hese 
the bromine was not added completely (calculated % Br. 73.14; found % 46.37; 45.47). There fs no other Informe 
atfon fo the Iterature, We were Interested In studying the reactivity of trlallylboron, whose preparation we dese 
cribed fn a previous communication (3). Triallylboron was treated witn a carboxylic acid, an alcohol,and an ale 
dehyde, In all the reactions studied, triallylboron reacted very vigorously at room temperature witu the compounds 
Msted with considerable evolution of heat from the reaction mixture. The Interaction of triallylboron with glae 
clal acetic acid formed dlallylboron acetate and propylene according to the equations 


B + CHsCOOH BOCOCHs 4+- Coy. 


Trlallylboron formed the diethyl and dlallyl esters of allylboric acid with ethyl and allyl alcohols, respectivelys 


(CsH,),B + 20,H,OH + 
(CaH,)38 + 2C,H,OH C3H,B 


The Interaction of trflallylboron with ylelded the ethyl ester of diallyIboric acid according: 
to the equations 


2 (C,H,)3B 2CH,CHO - 2(C;H,);BOC,H, + C,H, 


Triallylboroa reacted readily with bromine, However, the addition of bromine at room temperature took 
time, Thus, bromine was very rapidly added to two allyl radicals, while the addition of bromine to the third 
radical proceeded slowly. The reaction proceeded according to the cquatfons 


i 
After 1-1.5 hours, about 70% (of the theoretical amount) of bromine had been added, 95% a 10 days 


and the theoretical amount only after a month, 


The molecular structure of tricovalent boron compounds have a characteristic trait, namely, the deiiciency 
of an electron pals at the boron, Trialky! derivatives of boron combine with donors which are capable of making 
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up the electron palt deficiency in the boron octet wiin thei own free electron pal, A large number of come 
plex compounds {s known tor saturated trlalkylborons (trlarylborons), However, up to now there has tecn iitle 
{nformation in the Iterature on complexes of unsaturated boron compounds with amines, We — the com- 
plex of trlallylboron wih pyridine, 


The reaction proceeded with considerable heat evolution and the formatioa ofa complexs 
B (Cals)o + -» B + 


The properties of the organoboron compounds synthesized are given ta Table 1, 


TABLE 3 
Some Physicocheimical Properties of the Organoborca Compounds Synthesized 


Elementary composition, fe 
8. 

Compound ‘ Po. Yiel calculated found 
C/mm 

| c H B | Be 

| 69,06 10,83 | 7,97 | £2.39 | 11.03 4.03 ~ 

(CH, Br,),3 - | 47,59] 2,66 | 9,79 [73,48 17008 2: 4:24 | 78,83 

CHC HN | — | 78,87] 9,39 | 518 | | | Sie 


EXPERIMENTAL 
All experiments were carsled out {0 nltrogen, carefully freed frora oxygen and oxygen-cortalaing substances. 


1, Preparation of trlallylboron, Trfallylboron was prepared by the procedure we described previously (3). 
In the reaction we wed 48 g of magnesium, 60 g of allyl bromide, 37 g of boron trifluoride etherate,and 500 mi 
of absolute ether, With this ratlo of reagents It was possible to obtain trlallylboron fn up to 92% yleld. Tne trie 
ally!boron synthesized was a clear, colorless liquid, bolling over the range 62-65°/1> mm and a a? 0.7178, | 
and a mol. weight of 134, 136 (calculated 134), 


Found %: C 80,13; H 11,394 B 8.43 
Calculated 9: C 80,6; H ii, B 8,28 


2, Interaction of trlallylboron with acetic acid. Glactal CH, COOH (3.55 g) was added dropwise to 7.88 g 
of triallylboron, The gas thus {berated was wapped with a CCl, solution of bromine, which was rapidly decolore 
ized, The solution thus obtained was washed with sodium carbonate solution and waer no neutral and dried 
over fused CaClz. Removal of the CC, yielded 1,2-dibromopropane with b. p. 140,8°, n°? 1.5322 (Hterature datas 
b. p. 141.6°; 1.5367). Alter removal of the CH,COOH, the diallylboron acetate (48.9% belled at 138- 
140° and ere as a clear, colorless liquid, 


: C 62,78; ; 


3. Interaction of triallylboron with ethyl alcohol. To 3.81 got trtattytbore was added 2.61 g of absolute 
ethyl alcohol, The reaction mixture evolved heat strongly. Alter removing the excess alcohol Ia vacuum, we 
distilled a clear, colorless liquid with b. p. 43-46°/10 mm, which was the diethyl estes of allylboric acid (52% 
yield). The propylene liberated was trapped with a CCl, solution of bromine, 
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Found © $9,343 59.27; 40, 83; 10,77; B 
C,H,B (OCsHi)s. Cateuiated it C 59, 15; 10, 58; B7 
4. Interaction of trlallylboron with allyl alcohol, Allyl alcohol (4.7 g) was as dropwise to 8.8 g of 
trlallylboron, The diallyl ester of allylboric acid distilled at 60-S1°/s mm as clear, colorless liquid (58% : 
yield). Tne propylene Uberated during the reaction was trapped with a CC, solution of bromine, 


nd 64,83; H 9,28; B 8.63 
Calculated C 05,08; H 9,04; B63 


8. Interaction of trisllylboron with acetaldehyde, The tnteraction of 8.8 g of trlallylboron with 3 g of 


acetaldehyde formed the ethyl ester of dlallylboric acld (56.4% yleld), which boiled at 48-49°/7 mm and ape 
peared as a clear liquid, 


und 3 C €9,91; 69,09; H 11,05; 44,10; B 7,02 7,48 


6. Interaction of triallyiboroa witu bromine, To 0.6 g of trlallylboron was added 2.1 g of bromins {a 10 
inl of Aslight excess of broming was added, The sample the CCl, solution of bromine wes left for 
month, The theoretical amount of bromine was added during this time, The CCl, was semoved fn vacuum, Trise 
(1,2-dibromopropyl)-boron was a dark brown, immobile with a sharp smell, 


Found ©: 17,14; 47,10; 2, 2,61; B 2451 Br 78,833 
7, Complex of trlallyIboron with pyridine, Pyzidine (1.25 2) was added dropwise to 2.1 g of trlallylboros 
(molar tatlo of 121); there was quite considerable heat evolution, The excess pyridine was removed fn vacuum 
and the reactloa product vacuum clistitled. A cleat, colorless, olly liquid with b. p, 1186-11874 mr distilled, 
Elementary analysis confirmed the formation of 3 complexs 


Found % : C 78,61; 78,55; 1 9,93; 9,92; ; 
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INTERMEDIATE STAGES IN THE SYNTHESIS OF TETRACYCLINES 


Academician M. M. Shemyakin, M. N. Yu. Ae Arbosov, 
Hsteb YueyOen, Sheng Huat-Yu, K. A. Sklobovskif, 
M. G. Karepetyan, and A, I. Gurevich 


N, D. Zelinskif Institute of Organic Chemistry, Academy of Sclences USSR Institute 
of Blological and Medical Chemistry, Acacemy of Medical Sclences USSR 


In 1956 we synthesized [1] tricyclle ketols of type (1), which are analogous to the tetracyclines (1) with 
respect to the structure of two sings and have a reactive double bond in the 2,3-position fa the third sings simile 
compounds were also obtained by Inhoffen, Muxfeldt et al., (2) in 1957, In ceveloping these Investigations, we 
studied the additlon of differcnt reagents to the 2,3 double bond of compounds (1) so as to Lotroduce Into thels 
molecules the active functional groups required to produce fa sing B the y -keto ester grouping qi) aod thea to 
build up ring A of tetracyclines by the method we developed previously (3, 


As the Investigations showed, compounds (1) reacted readily with typical electrophilic reagents such as 
RCOQSH and HOMal to give a high yleld of the corresponding dihalo derivatives, epoxides, halohydrins and 
halo ketones (the constants and analysis data of the compounds synthesized are presented In Table 1), 


Thus, bromination of compounds of type (V) with bromine in CHC), at -60° gave a 60-70% yield of the 
conesponding dibromides (1X) and oxidation of the sarne compounds (V)® with PsCO,H fo CHCS (20°, 16 hours) 
gave an 85-95% yield of a-epoxides of type (IV). Both reactions proceeded stereospecifically and led to come 
pounds containing the electrophilic substituent In position 3a. 


A similar steric direction was also observed in the addition to substances of type (V) of HOC] os HOBe by 
the action of tert.-BuOC) In aqueous acetone at 20° or (CH,;CO), NBr on 2 0.01 N aqueous acetone solution of 
H,SO, at 0°, The first of these reactions led to the formation of chlorohydrins of type (X) (75-85% y‘eld) and 
the second (with the same yleld), to a mixture of isomeric bromohydrins of the type (VIII) and (XI) in a satio of 
approximately 1:2; thus, in all cases addition occurred at positions 26 and $a, 


Bromohydrins of type (VIII) and also chlorohydrins of type (VII) may also be prepared in satisfactory ylelé 
by another method, namely ring-opening of a-epoxices (IV) by means of Py.HBr or Py.HCl fn alcohol solutiog 
(boiling for 10-15 minutes), The reverse reaction of closure of the oxide ring by the action of 0.1 N KOH is 


* The previously undescribed acetoxyketones (Vb) and (Vd) were obtained from the HalMg-alcoholates of the 
ketols (Va) and (Vc) by acetylation witu AcsO in benzene at 20°, 


10% dioxane on the halohydsins (V11) and (VIII) (20°, 30 minutes) led to a high yleld of the — a-epoxldcs 
(IV). 
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Under these conditions the fsomeric halohydrins of type (X) and (XI) gave almost quantitative yields of the stereo~ 


fsomeric B-epoxides of type (V5), which in thelr turn could be opened with pyridine hydrohalides te yive ths 
original chloroe and bromohydrins (X) and (XI). 


The addition of HOC to ketols (XLX) and (XXN), which are enol ethers, or the chlorination of these come 
pounds with chlorine in CHCl, at -50° with subsequent hydrolysis by water in the presence of CaCd, at 20° led 
to unstable chloro ketones of types (XIII) and (XVII) in about 80% yleld, The latter and also the equally stable 
bromo ketones of types (XIV) and (XVIII) could also be obtained In 75-90% yleld by oxidation of the cormespond> 
ing chloro and of types (VII), (VIII), (X) and (XI) with chromic acid In 80% AcOH 30 minutes). 
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at 40°, 


This conversion of halohydrins (VIN, (VII), (X) and (XI) through the halo ketones (XIII), (XIV), (XVOQ 
and then through the hycroxy diketones (XII) and (XVI) to the enol ethers (XIX) and (XXI) are a demonstration 
of the structures of all the compounds Isted, As regards the steric suucture of these substances, this was estab 
shed fn the following way. The action of tert.-BuOK on epoxide (IVa) produced intramolecular opening of the 
@-oxide ring and the latter was converted into the hydroxy keto oxide (XVa), which was then oxidized to dikete 
oxide (XVb), which fn {ts turn was obtained by synihesis from cnloro ketone (XVIla) by treating the lattes with 
bases. A similar conversion into the 3,9-oxide (XVc) was also achieved witn the dihydroxyepoxide (XXb), which 
was obtained from ketol (Va) by seduction with Li AIH, to glycol (XXa) and subsequent oxidation with PhOO,H, 
As an examination of molecular models shows, the formation of such a 3,9-oxide bridge fs only possible with 
cls-coupling of rings B and C and the OH group at C, In a trans position with respect to the hydrogen atoms af 
Coq and Since the conversion (VA) (XXa) --(XXb) -»(XVc) (XVb) proceeds under conditions which 
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Compounc 


M. p. or decomp. p. 
and recrystallizat on 
solvent 


Hal 
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tOH 
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ELO 
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401° 
0 
EtO 
EtOH 
174°(E tOH) 


exane 

exane 
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CHChe hexane 


hexane) 
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119°(C,H 


eptan 


Et 


209, 13,9 
266 3. 16 


(4,03, 
323, 357, 33 (3,37, 3,43, 


332 4,09 


(3.63, 3 
22) 255, S13 (4,21, 


238, =18 (3,93, 3,65) 
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Halo ketones of types (XIII), (VIV), (XVID) and were readily dehalogenated with Zn dust in 
at 30° to form the corresponding hydroxy diketones of types (XIN and (XVI); the same hydroxy diketones were 
obtained in 80-90% yleld by hydrolysis of ketols (XIX) and (XXD) with a 0.03 N solution of HCl fn 70% alcoho’ 
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exclude Inversion of the asymmetrle centers 4a, 9 and 9a, evidently all the substances described In the present 
work, like the 3,9-oxldcs (XV), must have a 4aalH, 98OH and 9acH <tructure and fn this case a cls-coupling of 
the hydroaromatic sings B and C ts apprently most stable (see(1}). The configuration of the rest of the asymmee 
trie centers, 1. e., 2 and 3, follows trom the tendency of the halohydrins (VII), (VIIN, (X) and (XI) to convert 
teadily into the corresponding epoxides (a transediaxial disposition of the OH and Hal) and the incapacity of the 
B epoxides (VI) to fsomesize Into 3,9-oxldes (the Impossibility of trans-closure of an epoxide ring under attack 
froin the B-region). 

Tus tricyclic compounds of types (VII) (XIV) and cxviny we synthesized contatned positions 
2 and (or) 3 one of two active functional groups by means of which ft {s possible to Introduce Into ring 6 substite 
vents (a malonyl residue, for example), which may thea bs converted Into the °upper® part of ring A of tetrae 
cyclines, Thus, dibromide (IXa) condensed with malontc ester {n the presence of 2 equivalents of EtONa with 
formation of the unsaturated matonate (XXII) and B-cpoxlds (VIa) was converted {nto hydroxydicarboxylic 
(XXII by reaction wita sodfomatonic ester and subsequent hydrolysis. Similarly, condensation of sodiomas 
lonic ester with chloro ketone (XIIIa) formed, In addition to 2,9-oxido ketone (XXIV), the Corresponding keto 
malonate, which was lsolated as the bls-p-nitrophenylhydrazone (XXV). 


Thus, the tricyclic ketols with actlve functional groups in ring B we ee open * the possibility of 
bullding up ring A of tetracyclines, 
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: SOME REACTIONS IN THE CHAINS OF VINYL ALCOHOL COPOLYMERS 


Conesponding Member of the Acad, Sci. USSR, 8 N, Ushakov 
Institute of High-Moleculas Compounds, Acacemy of Sciences USSR 


The physical properties of copolymers depend both on the forces acting between the macromolecules and 
on those inside the molecules between thelr different elements, The Interaction within the macromolecule chalga 
cetermincs {ts flexibility and the Interaction between the macromolecules, the mechanical strength of the polye 
met. As fs known, the Intermolecular reactions are determined by a) dipole forces, b) Induction forces, c) dise 
persion forces and d) hydrogen bonds, 


The crosslinking of linear macropolymer chafns with primary valence bonds {a mind duet the 
number of such cross-links {s limited and does not convert the polymer Into a globular one) has the same qualfe 
tative effect 2s an increase In the interparticle reaction forces (achieved, for example, by Introducing polas 
groups Into the polymer structure). Both the Introduction of clpoles and the formation of bridges between the 
chat!ns ralse the vitsiflcation peint, modull of rigidity and high elzsticity, tensile strength and hardness of the potye 
mer and cecreaze Its elongation on breaking and Impact res{stance. As regards the mechanism of polymer cup 
ture, at a sufficient degree of polymerization the rupture occur by an intramolecular mechanism, regardless 
of the presence of bridges between the chains, 


There {, however, one very important basfe difference tn the properties of a polymer which are determined 
by the Interparticle reaction forces (such as dipole forces and hydrogen bonds) on the one hand, and by valence 
bridge bonds, on the other, The former are strongly cependent on temperature and an increase In the lattes 
sharply weakens them. The valence bridge bonds hardly depend on temperature over a wide range. 


To modify the properties of high polymers by changing thelr chemical structure, It {s practically necessary 
elther to Introduce polar groups Into the chain or to establish tridge bonds, The direction of the changes {n the 
properties would be the same in both cases but, for example, che thermal stability of a polymer cross-linked by 
chemical valence bonds would. nalntained over a considerably greater range of temperatures than that of a 
polymer containing strong dipoles, 


The procedure of forming cross-linked, three-dimenslonal polymers by establishing bridge valence bonds 
between chains {s preferable to using intermolecular forces In a number of cases, 


Cross-linked polymers may be formed {n various ways, of which the most Important are the following: a) 
copolymerization of die and polyreactive monomers (by a radical mechanism); b) interaction of functional . 
groups In the structure of the polymer and c) the use of different radiations (mainly y -rays). Be i 


The processes of preparing cross-linked polymers by copolymerization of vinyl and divinyl (dially ete) 
monomers have been widely developed. The disadvantage of this method {s that the three-dimensfonal copolye 
mer formed reaches {ts gelatinization point when there {s still a Jarge percent of a sol fraction, which naturally : 
lowers the thermal and mechanical Indices of the polymcric material. Such a process proceeds further towards .t 
completion when the secor.d (divinyl) component of the reaction Is Incapable of homopolymerization, Ia this 
case the space lattice of the copolymer is formed only through heteropolymerization, The author has proposed 
and, together with his co-wo:kers, has applied a series of new divinyl cross-linking agents, which give good tee 
sults in heteropolymerization with acry! derivatives and vinyl esters, The diallyl acetals of varlous aldehydes 
(formal, ethylal and butyral) were proposed as effective cross-linking agents by the author together with L, A, 
Arbuzova and S, A, Plotkina viene and studied thoroughly {n copolymerization with vinyl acetate (together with £, 
Santo 
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Another group of particularly effective cross-linking agents for vinyl esters was first syntheslzed and ap> 
plied by the author together with M, Lavrent’eva and K, S, Podgroskaya (3). Dicrotonam{dodimethy! ether 
and bls-crotonamidomethylene are such cross-linking agents, These derivatives of crotonic acid are incapable 
of homopoly:nerization but form heteropolymers readily with vinyl acetate and other vinyl esters and even the 
addition of 0.2-0,1 mol. %.of the cross-linking agent gives transparent, Infusible, solid copolymers, without the 
property of cold yleld Inherent {n poly-(vinyl acetate), However, the we of these new processes of copolymerte 
zatlon with dlally! acetals and tetra-reactive crotonyl derivatives to obtain cross-linked three~dimensional polye 
mers still docs not eliminate the disadvantages inherent the process of copolymertzation 
and {a the mechanism of establishing bridge bonds, 


A better process for the formation of polymers ls the cross-linking of long Inear macromolecules by cone 
densatl” © of reactive functional groups Included In the chain, Usually In this case, not only are bridge bonds 
formed between ch-tns but also sings In the chain. In order to eliminate this phenomenon, which Is undeslrable 
for a number of purposes for which the polymers are designated, the functional groups may be Introduced Into 
the chain by heteropolymerization, This makes It possible to obtain a copolymer chain which docs not contala 
adjacent units with functional groups, With 2, M, Lavrent’eva and K, S, Podgorskaya, the author proposed and 
carried out an Interesting example of such processes, namely, the copolymerization of vinyl acetate and other 
vinyl esters with hydroxymethylcrotonamlide and crotonamlds, The authors synthesized hydroxymethylcrotonas 
mide for the first time by reacting crotonyl chloride with paraformaldehyde In a carhon tetrachloride medium 
(4) according to the scheme, 


G11,0,N; mol. welght 115 (cryoscoptcally), N— 12,18 (theoretical 12.17%) 1.1662; 1.5164, m. p. 88% 
yleld 80-857 of theoretical (recrystallized from benzene), Copolymerization with hydroxymethylcrotonamide 
may be carried out In block or {n a solvent In the presence of such radical polymerization {nitlators as benzoyl 
peroxide, acety benzoyl peroxide and azolsobutyrodinitrile, We mostly use copolymerization In methanol with 
Cistillation of the unreacted vinyl acetate and the reaction mixture matntained at a constant volume by the 
gtadual addition of methanol, 


The linear heteropolymers thus obtained are thermosetting and form infusible and insoluble polymers 
a three-dimenstonal structure when heated, 


The author and B, L, Trukhmanova studied the mechantsm of radical copolymerization of vinyl acetate 
with crotonamide and hydroxymethylcrotonamlide and established the ee oe constants of these sys 
tems (determined by the selected curves method), 


For the crotonamlde — vinyl acetate system 1, = 0.014 0.01 and = 2.04 0.5 and for the ayeagennee 
crotonamide — vinyl acetate system ry > 0.012 0.01 and % = 0.454 0.1. 


From the data obtained it was established that the relative activities of aneeie acid and hydroxymethyle 
crotonamlide towards the vinyl acetate radical were of the same order, but this was less in the case of the crotone 
amide monomer, which may be explained by the difference in chemical structure of the monomers and the efe 
fect of the penultimate unit, The relative activities of the vinyl acetate monomer towards the radicals of croe 
tonic acid and its amide and hydroxymethylamide are the same, Thus, this practically excludes the possibility ~ 
of hydroxymethylcrotonamide units occurring next to each other in the copolymer chain, When heteropolymess: 
of vinyl acetate with hydroxymethylcortonamide are heated, the N-hydroxymethyl groups of adjacent chains 
teact with each other to form an ether or a methylene bond between the chains, - ° 
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The reaction mechanism was studied on monomers. Heating hydroxyme thylcrotonamide in aromatie 
hydrocarbons without catalyst and with the water formed in the reaction removed by distillation with solvent vae 
por gave diccotonamldodimethyl ether. Heat treatment of dicrotenamidodimethyl ethcr produced elimination of 
formaldehyde and gave bis-crotonamidomethylene, The latter may also be formed by heating an equimoleculas 
mixture of hydroxymethylerotonamide and crotonamide in xylene without catalysts, The reactions gave yleld 
close to theroretical, : 


The reaction schemes and the properties of the compounds obtained are a3 followss Mol. welght (by Rast’ 
method) 212; 15,197 (theoretical 13.207)s bromins number 151.9 (theoretical 151.0); 2.56575 2.191% 
M. 136°s yleld 97% of theoretical, 


Mol, weight (by Rast’s method) 182; N 15.33% (theoretical 15.38%); bromine number 175.6 (theoretical 
173.8); ni§ 1.5262; 35 1.0854; m. p. 152°; yleld 95-99% of theoretical, 


It was proved experimentally (by the reaction of the copolymer In toluene solution without catalyst) that 
these reactions occur {n copolymers practically completely with the evolution of the theoretical amount of watet. 
Catalytic methanolys!s of the copolymer of vinyl acetate and hydroxymethylcrotonamide converts {t Into a co- 
polymer of vinvl alcohol and hydroxymethylcrotonamide which fs soluble fn water and has the degree of thermal 
reactivity as the copolymer with vinyl acetate. The copolymers of vinyl acetate or vinyl alcohol with hydroxye 
methylerotonamide are converted into an {nfusible and {n-oluble state quite rapidly (5). Thus, a film of vinyf 
alcohol copolymer containing 3 mol.% of hydroxymethylcrotcnamide became Insoluble in cold and hot water 
when heated at 130° for 20 minutes and at 180° for $ minutes, while a film of pure polyvinyl alcohol remained 
solubie after the same treatment. The same effect was achieved on using mixtwes of copolymers with crotonse 
mide and with hydroxymethylcrotonamide, 


_ The changes in the mechanical properties of films on the Introduction of hydroxymethylcrotonamide unis 
into the copolymer chain and on heat treatment in comparison with the properties of polyvinyl alcohol films are 
characterized by the data fa Table 1, : 


| 


New copolymers of viny! esters and vinyl alcchol with hydroxymethylcrotonamide (and crotonamide) may 
find wide practical application, Heat-treated copolymers have a considerably higher mechanical strength than 
puse polyvinyl alcohol and are completely insoluble in both cold and boiling water, 


TABLE 2 


Tensile Relative 
strength,  elongatton, Solubility ta Solubility ta 


Polyviny? alcohol 8S Incompletely Completely 


Copolymer with 3 mol, % of hydroxy . 
methylcrotonaml4a.eccccces 1050 10 Completely Completely 
The same, heated copolymetecee 1128 10 Insoludle Insoluble even 08 


: boiling 


Vinyl acetate copolymers with 1-3 mol. % of hydroxymethylcrotonamids, which are soluble {a the usual 
organte solvcots, may be used as lacquers. After heat treatment, the coatings obtained are outstanding fa hard- 
ness, heat resistance, insoluditity and high surface luster, Simflar water-soluble vinyl alcohol copolymers also 
form quite water-stable films after heat treatment when used as coatings, The properties of such {films makes 
it advantageous to use them fn certain spectal flelds, 


By the use of copolymers of vinyl alcohol with hydsoxyme thylcrotonamlde, articles may be maui that 
are quite stable to the action of Ifgroin and quite water resistant without further processing, 


Thermosetting vinyl alcohol copolymers (such as copolymers with hydroxyme thylcrotonamide and ternary 
copolymers of vinyl alcoho! with hydroxymethyicrotonamids and crotonamide or mixtures of copolymers of vinyl 
alcohol with hydroxymethylcrotcnamide and vinyl alcohol with crotonamlde) are quite valuable for preparing 
syathetle thermosetting fibers of a particular type (6). After heat treatmentsuch a fiber becomes {nsoluble ia 
water, does not requirs formaldehyde processing and Is usually stronger than °Vinyloa", 


Thus, when a Ilrear copolymer is made thermosetting by the addition of units containing reactive functloa- 
al groups that do not occupy adjacent positions In a chain, it has great possibilities for technical use, 


In this connection the new group of heteropolymers with crotonic acid derivatives are rer valuable 
for the production of ces tings, i and syathetic fibers, ; 
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CONVERSION OP FURANIDINE AND TETRAHY DROPYRAN 
INTO THE CORRESPONDING SILICON-CONTAINING HETEROCYCLESS 
CONVERSION OF THE LATTER INTO SULFUR-CONTAINING HETEROCYCLES 


Yu. K. Yurtev and N. V. Makarov 
M, V. Lomonosov Moscow State University 


(Presented by Academician A, N, Nesmeyanov, April 27, 1959) 


At the end of 1957, Gilman and Wittenberg (1) reported that by prolonged heating (3-6 days at 250-260°) 
of diphenyls!lane with sulfur-containing heterocycles of an aromatic nature such as phenoxathiIn, phenothfazine 
2nd thianthrene (until the evolution of hydrogen sulfide ceased), they obtained very low yfelds of 10,10-diphenyle 
phenoxasilin (29:), -phenazasilin (1.27:) and -phenothfasilin (4.77), respectively. Thus, this seductive reaction, 
which proceeded with great difficulty, did not {avolve elther the oxygen atom or the {mino group, cyclically 
attached to two benzene rings fn the condensed system of phenoxathiin and phenoxathfazine, respectively. 


Using the catalytle method for the {nterconversion of heterocycles, discovered by one of us (2), we passed 
fursnidine over aluminum oxide {n a stream of monosilane at 375° and obtained tetramethylenesilane (4%) toe 


gether with ditetramethylenesilane (1.5%), the conversion product of furanidine undes the action of ihe tetramee 
thylencsilane formed, 


In connecifon with this, we passed a mixture of furanidine and tetramethylenesflane over alumfoum oxide 
and obtained ditetramethylenesilans (4.5%). 


It was Impossible to achieve a simflar coaversion of furanidine under the action of ethylsflane as the lattes 
decomposed noticeably at 325° and completely at 350° {0 contact with aluminum oxide, 


We also obtained tetremcthylenesilane by combined catalytic dehydration of butanedial-1,4 ard moncsle 
lane under the same conditions, 


Under the action of hydrogen sulfide on tetramethylenesflane and tetramethylene?"chlorosflane, the ring 
silfcoa atom was replaced by sulfur and we obtained thiophans (14% and 4%, respectively); the reverse change 
under the action of nonosflane did not occur at all, though the evolution of hydrogen sulfide was observed, 


When treated with monosflane fn contact with aluminunt oxide at 375°, tetrahydropyran was converted Into pege 
tamethylene:{lane (9.5%); when the latter was treated with hydrogen sulfide under the same — it was 
converted fato tetrahydrothiopyran (24%). 
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EXPERIMENTAL 


Tetrainethylenesilane®. a) 20 g of butanediol-1 was passed over aluminum oxide at 375° {n a stream of 
monosilane, We obtained 0.6 g (2.6%) of tetramethylenesilans (0.5 g was obtained at 350°; complete decompos 
sition occurred at 400°): b. p. 70-71° (749 mm), 14447, 0.8039, Map 28.60, Calculated: 28,67, 
Literature data (4): b. p, 70.7-70.8° (733.5 mm), 114) 0.80053 (5) be ps 70-71" (760 nip 1.4440 dy? 0.8000, 


b) 20 g of furanidine was passed over aluminum oxide at 375° at c rate of 0.4-0.5 ml/min, In a stream of 
monosilane, Distillation of the dried catalyzate ylelded 0.9 g (47:) of tetramethylenesilane (average yleld from 
experiments with the catalyst sregencrated with alr after each experiment): b. p. 70-71° (750 mm), 
1.4482, 0.8049, 28.63, Calculateds 28.67, 


Found %. : © 55,57; 55,61; H 14,53. 41,53: Si 32,39; 32,48 
CSI. Calculated 55,73; H 44.69; 


0.8 g (1.5%) of ditetramethylenestlane (average yleld from nine experiments) was also obtained: b. pe 
174-175° (750 mm), 1.4260, 0.9048, 44.52, Calculateds 44.54. 


Found %s CG 60,89; 60,81; H 14,09; 14,44: SI 24,62; 26 
Calculated C 60,98; H 44,26; Si 


Literature data (4): b. p. 172-174° (750 mm), nig 1.4863, dy” 0.9043; (5] b. p. 178.5° (760 mm), a5 0.8999, 


Ditetramethylenestlane, A mixture of 10 g of tetramethylenestlane and 10 g of furanidine (131.1) was 
passed over regenerated aluminum oxide at a rate of 0.3 mi/min, {0 a stream of nitrogen at 375°, We obtained 
0.8 (4.5%) of products d, p. 173-174° (750 mm), 1.4870, dy’ 0.9010, 44.60. 


Pentamethylenesilane. 20 g of tetrahydropyran was passed over regenerated aluminum oxide at a rate of 
0.4 mi/zin, In a stream of monosilane at 375°, We obtained 2.5 g (9.5%) (2 g yleld at 325° and 2.2 g at 350°, 
12,, 8% and 8.5%): b. p. 101-102° (766 mm): 1.4499, dy” 0.8191, MRp 33.60, GHySt, Calculated: MRp 
33.28, 


Found % : 59,58; 59,64; H 12,46; 12,23; St 27,84; 27,78 
Calculated %: C 59,92; H 12,07; Si 


Literatcre data: (5) b. p. 101-102*, 1.4533, 0.9189, 

Thiophane, &) 20g of tetramethylenesilane was passed over aluminum oxide at a rate of 0.6 ml/min, at 
375° in a stream of hydrogen sulfide, The catalyzate was saturated with potassium hydroxide and extracted with 
ether, After removing the ether from the dried extracts, we obtained 3 g (14%) of product: b. p. 120° (759 mm), 
nl} 1.5046, dy’ 0.9960, MRp 26.10, CHS. Calculated: 26.39, The compound with’mercuric chloride melted 
at 125-125. (from alcohol), : 


CHAS-HgCly. Calculared HE 


* Using the method of B. N, Dolgov, S, N, Borisov, and M, G, Voronkov (3) and heating tetramethylenedichioro=" 
silane with a stoichiometric amount of trlethylsilane in the presence of catalytic amounts of AIC);, we obtained 
tetramethylenesilane in 85% yleld; we obtained diethylsilane in 60% yleld by reducting dlethyldichlorosflane, 
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b) 12 g of tetramethylenedichlorosilane was passed over sluminum, oxide at a rate of 0.9 mi/inin, at 400° tn 
4 streams of hydrogen sulfide, We obtained 0,5 g (4%) of product (the conversion did not occur at 350°, the yield 


was 3.7% at 450°): be pe sonata (753 mm) the compound with mercuric chloride melted at 125° (from 
alcohol),  ° 


"Found Hg 63,01; 63,4 


Literature datas (6) b. p, 119.8-120° (750 mm), 1.5052, 0.9960. 


Tetrehydrothlopyran, 8 g of pentamethylenesi!ane was passed over aluninum oxide at 376° tn a streara 
of hydrogen sulfide. Treatment of the catalyzate as described above yielded 2 g of tetrchydrothlopyrans %. pe 


138-139° (735 mm), nig 1.5032, 0.9774, MRp 30.60, Calculated 3090, The m. p. of the compound 


with mercuric chloride was (from alcohol), Literature datas (7) d. p. mm), 15048, 
4, 0.9791; m. p. of compound with mercuric chlorides 137¢137.6% 
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SOME PHYSICOCHEMICAL CHARACTERISTICS OF EXCHANGE EXTRACTION - 


L. M.Gindin, P. I. Bobikoy, and M. Roses ye 
A. P. Zavenyagin Mining and Metallurgical Company, Nortl*k - 
(Piesented bv Academician L L, Chernyaev, April 6, 1959) 


Exchange extraction fs based on reactions which occur between salts of aliphatic acids (soaps), dissolved 
mainly {n an orgsnic phase, and salts of mineral ecids, dissolved {0 an aqueous phass (1) 


where and *Me denote the coztesponding metals, R the acid residue of the aliphatic acid, 
the Indexes O and A, the organic and aqueous phases (the metals cao have a different velence to that Indicated 
{a Equetion(1)). The equilibrium constants of Reaction (1): 


where the corresponding activities are denoted by the square brackets, 


Measurement of the electroconductivity of the phases aad the experimental data obtained on ths equilfbria 
indicate that the soaps are not dissoclated In an organic phase, but are dissociated In an aquecus one, The equilfe 
brium conditions of metal soeps {n a system containing two divalent metals are expressed by the equationss 


In exchange extraction, the conditions of equilfbrium of both soaps musi be fulfilled simultaneously and 
simultaneous solution of the equations (3) givers 


Ra], [Me Rilo = Ke (4) 


Frora (2) and (4) St follows that K = Ky/Kg, f.e., the equilibrium constant of the exchange reaction {s the ratio 
of the distribuzfon coefficients of the soaps of the exchanging metals. Mkts 


Thus, the direction of exchange reactfons fs controlled by the character of the distribution of the comesponde 
ing soaps, Metals whose soaps are less soluble {a water pass mainly into the organic phase as soaps; metals with 
more soluble soaps are mainly {n the aqueous phase as cations, This exchange Is similar to exchange betweea 
solutions containing a cation and a precipitate (for example, af + NiS= Cus+ Ne” ), but fa our case the second 
F phase fs not a solid but a Mquid organic phase, | ‘ 


A study of soap distribution between the aqueous and the organic phase (an aliphatic actd of the, = Cy 
fraction or a solution of an aliphatic acid {n an inert solvent, for example, kerosene) showed that the metals “7 
be arranged in the following serfes according to the increasing solubility of thels soaps in waters Fe!ll, ppl, ql, 


e 
zn, NID, coll, Mall, Naz the same sequence fs maintained in exchange reactions; each of the metals, present is 
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/ 
the aqueous phase as a cation, displaces all thoss to the right of it ia the sesles from the corresponding soap, 
dissolved fa the organic phase. 

A tnetal can be extracted Into the organic phase by the addition of elkall to the systems fn this case there 
ts a linear dependence between the logarithm of the distribution coefficient of the metal a (a y/x, where y 
and x are the equilibrium concentrations of the metal in the organic and aqueous phases, respectively) and the 
: pH of the equilibrium aqueous phase. Extraction under the action of alkall nak, be expressed by the following 
equationss 


where Ky fs the fonie product of water and Kg fs the equilibrium constant, Ia the given system there occurs 
simultaneous distribution of the metal soaps and the aliphatic acids 


(Mey AMERY; (H+ (RA 


* 


Ths corresponding equilibrium conditions ares | 


By simultaneously solving the Equations (8) [or having wiitten the reaction as 2 (HR) 2H*), 
we obtala the equilibrium condlifons of the systems 


LH? / [Met], [HRI = 


Equation (9) cotneider with Equation (6) so that the equil{brium constant K, ‘Thus, extrace 
tion of metals with an allphatle acid undce the effect of alkalf {s determined by the conditions of the Intesdistri- 
bution of the metal of the soap and the allphatic acid. Transposing (9), we obtaing 


(10) 


Replacing, with some approximation, the ratio of activities {n the left part by the concentration ratio @ 
and also concidering that the concentration of the allphatle acid In the organic phase {s great in comparison 
with the concentration of the soap formed and changes very little saad the experimental — from (10), 
we obtains 


= Ky + 2pH. | (11) 


Kolthoff and Sandell (2) and Irving et al., (3) obtained an equation of a similar type for the extraction of metals 
with weak organic acids, for example dithizone, by a somewhat different method, 


Figure 1 shows the experimental data characterizing the extraction of cul, zn, NT, col! with an stighate 
acid (the C, — Cy fraction dissolved fn kerosene with a concentration of aliphatic acid in the organic phase of 
400 g/liter) under the action of NaOH, It fs seen that Equation (11) fs fulfilled with sufficient accuracy. As the | 
alkall properties of the metals increase, the constants Kg decrease with the same sequence as that noted above, 
maintained for the metals. One may readily show that for metals with the same valence, the.constant of exchange 
reaction (1) is determined by the constants Kye H. Which characterize the extraction of each of the exchanging 
metals under the action of alkall, In an exchange reaction there occurs Interdistribution of "Me, and *MeRes 
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and also of the aliphatic acid HR, which ts {n excess In the organic phase (Equation 7 ). 


Let us examine the equilibrium conditions in the Interdistelbution of the soaps of eacd imetal and the alle 
phatic acid; (12) and (7) together gives d 


The constants and characterize the extraction of the metals ‘Me and *Me, respectively, 
in relation to the concentration of hydrogen fons (for example under the effect of alkali): simultaneous solution 
of Equations (13) and (2) givess® 


(24) 


K =@ Kime 


{. e., the constant of the exchange reaction of two metals with the same valence equals the ratio of the constants 
apes the extraction of each of these metals under the action of alkall, For example, the extraction of 
Za and Co!l under the action of alkalf obeys the equations (see Fig. i} 


log&ze = — 10,0-} 2 pll;10g ace =s — 10,7 4-2 pH. (16) 


Considering Equations (10, 11, and 13) and subtracting the second equation (16) from the first, we obtains 
9-73 K2n/Co * 5.0, where K Zn/Co * [Comoe 


A study of the exchange reaction 44 (Com) (Co), showed that the equilitdum 
constant was actually ~5, The given data show that the distribution of metal soaps and the related behavioe of 
the metals In exchange extraction depend on the alkaline properties of the metals, The significance of the relae 
tion fs explafncd in the following way. When the soaps are distributed, the allphatic acid {s distributed s{multane 
cously between the phases. In the aqueous phase, the alfphatie acid fs dissoleated {nto fons to a very slight extents 
(HR), and Ja/(RH] Ky 1, where K, {s the dissociation conten of the acid, 
Soap dissolved in the aqueous phase fs practically completely dissoctateds (McP), 


Considering that the water solubility of soaps of divalent {s quite great (1) and that the dissoctation 
constant of C;— Cy aliphatic acids Is small (of the order of 10°), one may assume es the concentration of &” 
fons {n the aqueous phase {s determined only by the soap concentration:(R™ 2(Me**) Replacing, with some 
approximation, the activities by the concentrations and espa sciving the dissocfstion equation, with 
the expression for taken Into account, we obtafa 


The value of Ky we will take as that for enarthic acid: ef = 1.42°107%(4); according to our experimental data 
(HR, = 0.062 mole/liter. Sudstituting these valves in (17) we haves 


pH 


(the metal is expressed in mole/liter), 


Equation (18) fs plotted on Fig. 2, which also gives the experimental vt, characterizing the distribution 
of Cu, Ni, and Co soaps, “Equation (18) {s obeyed with sufficient accuracy. It follows from Equation (17) and the 


“In the case of metals of different valence the distribution coefficientsdepend on the hydrogen fon concentration 
: different degrees and as a result the separation coefficient depends on the hydrogen fon concentrations 
B® (HR where m and are the valences of the first and second metals, 


(Me*y = log(Me*), 10g (HRA pH. : (17) | 


experimental data, as well, that as the soap concentration Incicases In the aqueous phase, the pH value Increases, 
Of course, the soap concentration and, concspondingly, the pH cannot Increase Infinitely; the Imit ts set by the 
appearance of a solid phasc, f. €., the solubility (activity) product of the corresponding metal hydroxide Ls 


Replacing the activity (Me"*) by the concentration (Me**) and simultaneously volving (19) and (17), we obtatns 


? 


2 
where the Imiting value of the concentration of soap In water, 


Thus, the solubility of the soap {n the aqueous phase ts proportional to the cube soot of the , sotubtitty prode 
uct of the metal hydroxtde, This concluston expiatns the relation between the behavior of « metal during Its 
extraction with allphatle aclds and its alkalinity (an Increase tn “alkalintty® ts characterized by an Increase fa 
the valus of L), Exchange extraction of metals fs an unusual hydrolytic method of extraction; !t differs from the 


JS 


Fig. 1. Extraction of metals with alfphatie The pH dependence of log Me"*) 

acids under the acticn of alkalls 1) Cus {on soap distributicn, 1) line comesponding 

2) Zn; 3) Ni; 4) Co, to Equation i8, Experimental gue a) Ca; 
b) MM; Oa, 


usual hydrolytic method {n that there are no precipitates. Of course, due to the absence of entrapment by the 
solid phase, the separation is more complete fn this case. Furthermore, multistage separation In countercurrent 
columns fs readily Thus, exchange extraction makes {t possible to separate metals with similar 
properties (for example col - wi, which cannot be done by hydrolytic precipitation. At the same time, It is 
a method of extracting metals, for example, according to the reaction with alkalf (Eq. 5-8), 


In conclusion, we should note the unusual relation between the exchange extraction series of metals, 3B 
mentioned above, and the electrochemical series of metals. Metals to the right of a given one In the electroe 
chemical series have a more positive normal potential and are usually characterized by lower alkalinity (alowes 
value of the solubility product of the hydroxide); they may be separated from the given metal by exchange exe 
traction. More active metals, which are to the left in the electrochemical series, do not usually separate or 
separate to a small extent at the cathode during electrolysis of the given metal, Therefore, a combination of 
exchange extraction followed by electrolytic separation could be a method of obtaining pure metals in many 
cases. This procedure has been justified by the peu of highly pure cobalt, 
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THERMAL DECOMPOSITION OF ORGANIC COMPOUNDS 
OF PENTAVALENT ARSENIC 


Gil'm Kamal and B. D. Chernokal 
M. Kirov .Chemico*Technological Institute Kazaa 
(Presented by Academicfen A, £. Arbuzov, April 23, 1959). 


In 1887 Crofts (1) found that when arserile acid wes heated to 220-230° {n the presence of tetraethoxysilane, ‘ 
arsenous ester was formed, In 1047 Ya. F. Komtssarov et el, (2) showed that esters of alkylarsinic acid Lsomesized 
{nto arsenous esters when heated, The corresponding alcchols were also fsolated as reaction products, : 


Thermal ¢ecomposition of the oxides of (2-catboxyethyl)- and (2-carboxy-2-methylethyl) -diphenySassine 
leads to the formation of bls-diphenylarsine oxide and a carboxylic acid(3). It scemed Interesting to us to study 
the pyrolysis of pentavalent arrenfc compounds on the example of the following series: AlkAOXOAIk), 

Ax({OXOAII:) and Alky AsO, where Alk © CH;, 0-C,H; and These substances were synthesized 
by oxidation of the corresponding trivalent arsenic derlvatives, The compounds Itsted were pyrolyzed by heating 
at stmo:pherle pressure with distillation of the volatile products formed. Decomposition began at 200-220 fs 
the reaction mass. Individual substances were Lsolated from the distillate by fractional distillation, Alkylaniafe 


TABLE 1 
Pyrolysis of Alkylarsinic Esters 


Starting ester Substance obtained Poe °C/mm a? eld, 


1, 1623 

ads 411—415/12 [41,0573 

121i—425/44 | — 

4 ns BC,H,OH® 115,5—116 
93—95/13 1,084 ; 

5 | | 2C,H,OH® 115,S—417 
| 103—106/13 1,0727]1, 


1 


® Identified as the 3,5-dinitrobenzoate, 
Found As 26,62. Cyt AsOy. Calculated %q As 28, 74, 


124,5—124/14 ]1,2435 
5S6—59/10 
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esters were obtained by oxidation of the corresponding alkylarsinous esters® with sclentum dioxide (6,6). The 
alkylarsinic esters synthes!zed were apparently quite stable to the action of heat. Thus, when diethyl n-propyle 
arsinate was heated, a considerable part of it was recovered unchanged, Therefose, the other alkylarsinic esters 
were heated so that the vapor temperature did not exceed 200°, The mala arsenic-containing reaction product 
was then the corresponding alkylarsinous ester (Table 1), Its structure was confirmed by the fact that It formed 
alkyldilodoarsine when treated with hydslodic acid, The formation of arsenous esters was observed In the pyrolye 
als of dicthyl and dl-n-butyl n-propylarsinates, In she second case, the tsomerization product was similar ia 
composltion to the propyl ester of dibutylarsenous acid, but differed from the latter (7] ta the njj value, The 
pytolyzate from dl-n-butyl methylersinate contained a carbonyl compound which reacted with 2,4-dinitrophenyle 
hydrazine, 


TABLES 
Oxidation of Dialkylarsinous Esters with Selenium Dioxide 
2 
Starting ester Substances obialned Yield, 
2 |(CsHy):AsOC a 16, i 
pI35--137" 
11,),AsOC,H 430-130, 5/4 8 
mp, 190437 11.9) 
93,5—101/14 1,4522] 250 


tt 


TTdeatified as the 3,5-dinitrobenzoate, 


From external appearances, the oxidation of dialkylarsinous esters proceeded similarly to that of alkylare 
sfnous esters, However, a considerable past of the product was conveited to tar {a the first distillation and the 
consistency of the quid changed, If the first disti*Iation was carried out at a pressure of 33-15 mm Hg, only 
the starting material was Isolated Instead of the desired ester (Nos. 1, and 2, Table 2). Lowering the pressure to 
4 mm made It possible to fsolate the n-butyl ester cf diethylarsinic acid, The yield of dlalkylarsinic ester was 
increased If the solvent was removed in vacuum after the oxidation (Nos, 4 and.5, Table 2). 


The distillate and tarry residue of the first distiliation yielded, {n addition to the dlalkylarsinic ester, a 
series of products which were not observed In the syathesis of alkylarsinic esters. Thus, dialkylarsinic acids were 
formed in all cases and the alcchol with the radical of the alkoxy group of the starting com ound in two cases 
(Nos, 2 and 5, Table 2). The oxidation products of the n-butyl ester of diethylarsinous acid ylelded the di-a- 
butyl ester of ethylarsinous acid. The analogy between some oxidation products of dialkylars{nous esters and 
the thermal decomposition products of alkylarsinic esters gave us the {dea that the dialkylarsinic esters formed 
during the oxidation may have been pyrolyzed during {solation. The pyrolysis of the n-butyl ester of methyl-n- 
-dutylarsinic acid confirmed this hypothesis: the pyrolyzate ylelded butanol and the n-butyl ester of methyl ne 
~butylarsinous acid and the presence of a carbonyl compound was detected (test with 2,4-dinitrophenylhydrazine). 
The case of the conversion Ry As OX OR) Re AsOR apparently may also explain the formstion of arylarsinous esters 
(€) and arylalkylarsinous esters (9) during the action of alkyl halides on the silver salts of the corresponding arsinic 
acids, 


We reported the synthesis of alkylarsinous esters from alkyldifodarsincs and alcohols (4), The esters obtained 
had fodine-contatning impurities but were quite suitable for the synthesis of alkylarsinic esters, 
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The dialkylarsinous esters we e obtained (Table 2) were viscous liquids with a weak, specific smell, which 


were readily hydrolyzed by water and atmospheric moisture, Accorcing to our calculations, the atomic refrace 
tion of arsenic equalled 8,19 in these compounds, . ° 


The dialkylarsinous esters were obtained by oxidation of trfalkylarsines with hydrogen peroxide, Pyrolysis: of 
‘ulalkylarsine oxides (Table 3) ylelded trialkylarsines and alcohols as the main products, In individual cases, the’ 


pytolyzate ylelded a small amount of the dialkylarsinous ester (Nos, 3 and 4, Table 3). The pyrolysts products of 


trl-n-propylarsine and methyl dlen-butylarsine cxides were shown to contain 4 carbonyl compound by reactions 
with 2,4-dinitrophenylhydrazine, In the latter case (No, 4, Table 3), the 2,4-dinitrophenylhydrazons was found 
to be Identical with the 2,4-dinitrophenylhydrazone of butyralcehyds, Pyrolysts of trlalkylarsine oxides was 
apparently accompanied by dlsproportionation of sadicals as the pyrolyzate of methyldien-butylassine ylelded 
tri-n-butylarsine, 

TABLE 3 


Pyrolysts of Trlalykytersine Oxtdes 


Starting material ‘| Substances obtained ko 
H C.H,0H 78~—79 4 075011 ,47010 
0-C.H ©,H,OH® 
74—76,5/80 |1,0228]1,4750 
(CH,);(n-C,H)) CH, 83—85/14 on 174643 


cit 75~—76,5 4 ,0103)4 47241 44 

&6—87,5/13 

as the 3,5-dinitrobenzoate, 

* Identified as the 2 


Thus {n the cases we examined, the pyrolysis of pentavetent arsenic compounds proceeded {a at leas? two 
directions: RR'R°ASO -« R'R°ASOR (A) and RR'R*ASO RR'R°AS (£) (Ris alkyl and R° and R® are alkyl or alkoxy 
groups). The pyrolysis apparently yielded botis compounds (A and B) in each case, but the fsotatica of individual 
products was hindered by the closeness of the boiling points of these substances. Ia addition to the products listed, 


the pyrolyzate contained alcohols and probably aldehydes, The analogy tn both the conditions and the products 
of the pyrolysis indicate a single reaction mechanism. 
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ADDITION OF TRICHLOROGERMANE TO ACETYLENE AND OLEFINS 
AND THEIR DERIVATIVES IN THE ABSENCE OF CATALYSTS 


Corresponding Member Acad. Sci. USSR, A. D. Petrov, | 
V. F. Mizonov, and N. G. Dzhusinskays 


N, Zelinskif Institute of Crganle Chemistry, Acacemy of Sciences, USSR 


Rochow et al., (1) were the fint to add trichlorogermane to hexene-1 by prolonged bolling fn the presence 
of benzoyl peroxide, They reported the formation of hexyltrichlorogermane In 227 yfeld, Without proving the 
order of addition, they essumed that fn analogy with the addition of Ci,SiH they had formed n-hexyltrichloro= 
germane, 


Soon, trichlorogermane had been added to ning other olefins under the same conditions, namely, in sealed 
tubes at 25° (2). Gilman and Gerow (3) added triphenylgesmane to octadecene-1 also In the presence of benzoyl 
peroxide and established thatn-octadecyltriphenylgermans was thus formed {n 67% yield. It was demonstrated 
that the additlon of triphenylgermans to triphenylallylgermane formed 1,3-bis-(triphenylgermyl)-propane, 1.0. 
{a this case, as well, triphenylgermyl addition occuzred at the terminal carbon of the olefin radical. The authors 
reported that while the yleld of the addition product reached &57 in the latter case, teiphenylsilane was not added 
at all under analogous conditions, Lesbre and Satge (4), who recently synthesized organopermanium compounds 
with a functional group {a the chain, showed that the eddition of trialkylcgermanes to allyl alcohol or acrolefa tee 
quired the presence of a catalyst (benzoyl or platinum peroxide), while thelr additfon to acrylonitrile and tog 
acid or fu esters procezded without any catalysts on bolling under reflux? 


V. A. Ponomarenko and G. Ya. Vzenkova (6) added trichlorogermane to ethylene in the Of 


In an autoclave; C,H, GeClg was obtained In less than 25% yleld under these conditions, 


In the present Investigatioa we found that without eny catalysts and inftfators, trichlorogermane added at 
the moment of contact (with the evolution of a large amount of heat) even at room temperature to olefins (1, 2) 
(from ethylene to octene=1), acetylene (3), acrylonitrile (4), ailyl acetate (8), allyl chloride (S) and methallyi 
chloride (6) and even to vinyl chloride and B -chlorovinyluichlorosflane (9, 10). The ylelds and properties of the 
compounds obtained are presented fa Table 1, 


It fs interesting that the ylelds of the additioa products were found to be higher than those given fn the lite 
erature for addition {n the presence of catalysts. As is known (7), the addition of silicochlororform to the substances 
given in Table 1 mainly occurs only {0 the presence of catalysts; in exceptional cases it also occurs under drastic 
conditions without catalysts, Thus, {s evident that in extremely different addition reactions, trichlorogermans 
fs considerably more active than trichlorosflane, 


EXPERIMENTAL \ 


Trichlorogermane, HGeCly. Finely divided germanium (SO g), mixed with 10 g of coppet,, 
was placed in a glass tube (18 mm in diameter and 80 mm {a length), The tube was heated to 450° and a fast 


note the Interesting fact that French {nvestigators stated that trimethylsflane was hardly added to methy! 
acrylate, even in the presence of catalysts (the nature of these was not Indicated). This statement fs not accurate, 
A. D. Petrov and S, 1, Sa¢ykh-Zade (S) showed that trlalkylsilanes add to acrylic estes in the 1-4 position in the 
of 
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- steeam of hydrogen chloride passed thzough It, In a trap cooled with dry Ice we collected 115 g of condensate, 
which ylelded 98 g of a fraction with b. p. 7778" on distillation, The yicld was 79%, calculated on germanium. 
This fraction was a turbid Hquid due to a small amount of some liquid compound of getmantum emulsified in it, 
On standing, the liquid Iightened somewhat and drops of th: compound mentioned separated on the walls of the 
vessel, The HGeC was thus obtained and used In subsequent reactions, 


y~Cyancethylturichlorogermane, ClyGcCH,CH,CN, 18 g of HGeCl, was added with stirring to 5.3 g of 
acrylonitéile. The first drops of HGeCly rapidly produced strong heat evolution, The sate of HGeCl, addition 
was such that the temperature did not rise above 60-70°, When all the Yo had been added, the contents of 


TABLE | 


Unsaturated | Reaction products | 8+ Pee °C 
compound (mm & 


CH.CH Geet | 


Cit;~CHCN 


CH,=CHCH 
CLGeCH 


ci SiCl. 2015 

'0,CCH, 1,4885/2, 

a3 


aveune lexpt. No. 


the w were vacuum distitted, We fsolated 12.3 g of with b, p. 135° (22 mm). 
The yleld was 53%. 


Found : 45,715 45,68 
C3H.GeNCls. Calculared Cl 45, . 


There was a residue of 4 g of polymer. : 7 


-Chloropzopylurichlorogermane, Cl, GeCH, CH, CH, C1. 36 g of HGeCly was added to 10.8 g of allyl chlore 
ide under analogous conditions, acuum ylelced 28 g of y -chioropropylurichlorogermane with d. p. 
105° (20 mm). The yleld was 77.4%, 


Found 


ay 
| 


7 -Chlorolsobutyluichlorogermane, Cl;CH, CHCH,Cl.. 36 g of HGeQ, was added to 12 g of methylallyi 
chloride under the same conditions, Vacuum distillation gave 21 g of y ~chlorolsobutyltcichlorogermans with 
b. p. 90-93°(11 mm). The yield was583%, 


Found%s 47,88, 1 9 


Here we also obtained 6 g of a product boiling at 148-153 (10 mm). 


14 g of trichlorogermane was gradually 
added to 3 g of Vacuum distillation gave 15.6 g of whh b. p. 12° 
(15 mm). The yield was maas 


Found Cl 61,94; 


ve 
maiz. | sus, 
98,28] 33,83 | 88 
1,27) €4,48] 63,33 
755] 60,4970 49,65 
CHG 62,93) 62.56 
e 


be 


1 ct, A strearn of acetylene wat paned through 18 g of 


trichlorogermane until the liquid, which first heated up stuongly, conled, Vacuum distillatio:: gave 10.8 g of 
with b. p, 130-131° (32 mm). The yield was 90%, 


‘Found 155,435 66.20 
There was a residue of 3 g of polymeric product. 
Ethyltrichlorogermane, G.H;GeCly. Ethylene was bubbled through 18 g of trichlesogermane, The cooled 
Mquid was distilled to give 11.5 g of ethyltrichlorogermane with b. p. 141.5° (761 mm). The — was 65%, 
Ahigh-bolling fraction (2 g) remained, 


n-Octyltrichlorogermane, 18 g of HCeCl, was added to 112 g of octene-1, The liquid 
evolved heat, then cooled and was distilled to give 16 g of n-octyltrichlorogermare with b.p, 130° (13 mm). 


The yletd was 65% 
y acetate, CH, CH, 45 g of HGeCl, was added to 12.8 got 


allyl acetate, Vacuum distillation gave 20 g of y -(trichlorogermyl)-propyl acetate with b, p. 127-128° (12 mm}. , 
The yleld was 40.87% there was a residus of 18 g of polymer, 


Found 4% C€21,70, 21.60; H 3.45, 3.49; Ge 26.09, 25.89; Cl 38.14, 38.38 
C2144; H 3.24; Ge 25.923 Ci 37.98, 
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G. V. Pigulevskil and G. Kostenke 


ABIENOL, ITS PREPARATION AND PROPERTIES 


A. A. Zhdanov State University, Leningrad 


ule contained the grouping. 


On investigating the chemical composition of pine resin of Abics sibirtca Ldb (2), we detected ablenol 
among the {nvolatile components of the secretion and {solated St {n the form of sblenol hydrate, which correse 


(Presented by Academtctan B. A, Arbuzov, May 11, 1959) 


In 1942, Winhaus and Mucke [1) {sclated from the resin of Ables pectinata D. C, an alcohol with the gene 
eral formula Cy;H;,0, which they called ablenol, With water, ebfenol formed a crystal hydrate, sblenol hydrate 
with m. p. 62%. On hydrogenating ab{enol or absenol hydrate, they tsolated dihydroablenol with m. p.38%. A 
tetra nitromethane test on dihydroablenol gave a negative result; Winhaus and Mucke considered ablenol tobe , 
a tertiary alcohol with one double bond, Formaldehyde, lsolated on ozonolysis, indicated that the abfenol molece 


ponded Ifo properties and analysis to ableno} hydrate of Winhaus and Mucke (see Table 1), 


first doubte bond proceeded mu 


character, 


Analysis of the IR absorption spectra made {t possible to arrive at more deflaite conclusions on the double 
bonds fo the ablenol hydrate molecule, The spectrum of the lattes had two bands, cosesponding to C = C valence 
oscillations: 1600 cm™ and 1642 cm**, The presence of these bands may be explained by the existence of two 
conjugated double bonds {n the ableno} hydrate molecule. As {s known (3), a diene has two bands ia this region 


TABLE 1 
Namg of M. io 2 
compound ether,® Amaxe Source 
Atienol hydrate G2—6S | | +37,4 238 (10g € 4,18) 
62 +18,8i- — 
Abienol 40-42 |} — | -+8,59) — 238 (log €4,18)] Our expt. 
47,91 — | 4.5226 (1) 


However, the ablenol we obtained from the abfenol hydrate did not correspond fn properties to the preparse . 
tion of. Winhaus and Mucke, It was a crystalline substance with m. p. 40-42° and with a considerably higher sotse 
tory power. Contrary to the data in[1), ablenol hydrate and abfenol contained two double bonds, Depending os 
the length of the experiment, determination of the fodine number led to a gradual Increase In the numbes up to 
the value corresponding to two double bonds, The first double bond was saturated by the second day, while saturae 
tion of the second required 7-8 days. Hydrogenation in the presence of platinum black in absolute alcohol og 
giactal acetic acid formed tetrahydroabienol, with m. p. 48-49 and (a)y—4.0. Hydrogenation of the 
ch more rapidly than hydrogenation of the second, Indicating a difference in thelg 
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with the band at 1600 cm! less Intense than that at 1642 cm*!, as we had In the ablenol hydrate spectrum, The 
presence of a conjugated system fn the ablenol hydrate molecule was also confirmed by its ultraviolet spectrum, 
which contained an absorption band at 238 my (log ¢ 4.18). A narrow and quite Intense band at 3100 cm”? in 
the ablenol hydrate spectrum may be assigned to CH valence oscillations in a +CH, group (4), This band disape 
peared completely during hydrogenation and polymerization, A weak band present at 1310 cm” * (probably an 
overtone) ls characteslstic of vinyl compounds (5), Hydrogenation and polymerization led to disappearance of 
this absorption band, It ts very probable that abicnol hydrate contains the grouping ~CH= CH. This is also 
ppb by the presence of bands at 990 and 906 cm™*, characteristic of CH deformation oscillations In the 


CH =CH, group (5). Polymerization and hydrogenation led to complete disappeazance of the band at 990 em*! 
and the Intensity of the band at 908 cm™® was reduced 


, to half, The second double bond was apparently tertlary = 
testlary and was {n an exocyciie position, This hypothee 


i a. A als was confirmed by the presence of g maximum of the 
‘ absorption band at 238 my featertannd value for such 
system, 237 my), 
ak The presence of very fatense absorption bands fa 
the IR spectra of ablenol hydrate, ablenol polymer and 


tetrahydroablenol at 1460 cm” and at 1384 cm” which 
are caused dy deformation oscillations in the CH, and 
CH, groups, indicates the presence of the latter fn the 
ablenol hydrate moclcule. We obtalned similar results 
on analyzing the iR spectrum of abtendt. The spectrum 
also had absorption bands at 1597 and 1643 
characteristic of a conjugated system of double bonds, 
There were also Sands at 9953 9345" 18005 1384; 1460 


: As was stated above, the ablenol of Winhaus 214 

Mucke had a considerably lower rotatory power than the 

ablenol we fsolated, This was explained by the great 

¢ instability of ablenol and Its capacity for polymerizas 

ton, If ablenol hydrate was heated to 90-S5° In vacuum 

(3 mm Hg), it lost waters (1 mole of H,0) and changed 

to ablenol, Solution of the abfenol thus obtained {a ale 

cohol deposited a white, amorphous precipitate with 

m. p. 115-120°, Elementary analysis and a molecular 

4 weight determination showed that we had a polymer ef 
ablenol, 40), with +5°, The polymerization 

of ablenol could not be produced by frradiation with visle 

D ble light. We can nowunderstand the contradictory dats 

' of Winhaus and Mucke, The latter were undoubted’y 

ad dealing with partially polymerized ablenol, 


: It shouldalsobe stated that, contrary to the data 

of Winhaus and Mucke, ablenol could be reconverted 

into ablenol hydrate {f the ablenol was weated with 

“a cm ethyl alcohol (96%) and cooled normally. Thus, the 

Fig. 1. IR spectra in 5% M CCly A and B) ablenol change from ablenol hydrate to abienol and back was 
hydrate; C) ablenol polymes; Dj tetrahydroablenol, not accompanied by structural changes in the molecule 
A, C, and D) layer thickness 208 p, NaCl prisms 

B) layer thickness 108 p, LIF prism. 


‘ 
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EXPERIMENTAL 


Lolation of ablenol hydrate. 1 kg of pine resin 10.88, nt 1.5153, 1.0021, acid No, 
58, sap. No. 119, lodine No, 154) was treated with Mgroin (20 Mters) until the solution was no “longer turbid, The 
amorphous precipitate was collected by filtration and the excess Mgroin removed, To 3-3.5 liters of solue 
tion was added 1 Her of dicthyl ether, The solution obtained was treated with 10% aqueous potassium hydroxide, - = * 
The acids then passed into the aqueous solution as salts. The ether-ligroin solution remaining after removal of ; 
the resin acids was used for fsolating ablenol hydrate. Fos this purpose, the ether was removed and the turpentine 
steam distilled to leave a viscous, yellowish mass, which was extracted with ether, The ether was then removed - 
without the solution being heated and the residue was dissolved In ethyl alcohol. When the solution stood at -8 6 
to -10°, it deposited needle-like crystals (50 g), which had the following constants after two secrystallizations 
from alcohol: m, p. 63-64"3 18.0°, [4] + 19.5°, + 38.4°, = 2,13°(C# §, in ethers 


Elementary analysiss 
Found %3 C 11.01; H 11,733 11.85; number of act. - 
Calculated C 76.625 H 113% number of act. H3 


Todine numbers of ablencl hydrates efter a sample had stood with Houbly’s solution for 1 days 130.6, 192.3% 
3 days: 150.4, 151.3, 8 days 185, 185.2 (calculated for two doubie bonds, 190), 


Preparation of tetrahycroabfenol by hydrogenation of abfenol hydrate. We used 4.1 g of ablencl hydrate, 
60 ml of alcohol and 0.4 g of Ft black, 648 ml of Hg was absorbed (calculated for two double bonds, 690 mil}, 
Femoval of the alcohol ylelded a substance which melted at 45-46°. Recrvstallizatioa of this from acetic acié 
gave product with p. 48-497, 3, fn alcohol); 0.93481, ny” 1.48776, 


The same results were obtained by hydrogenating abfenol hydrate in glacial acetic acld, Elementary snalye 
siss 
Found © 80,52; £0.56; H 12.69 12,78 
Calculated % C 80.885 H 12.77 


MRp Found 77.63, Calculated 77.83. 


Preparation cf ablenol. Into a column filled with 700 g of aluminum oxide (neutral, act. 3) was {ntroduced 
20 g of ablenol hydrate, dissolved in 150 ml of Ifgroin, The column was washed with 1 Iter of I{grofa and the 
ablenol eluted with 1 Ilter of benzene, The denzene was thea removed fn vacuum fn a stream of nitrogen fa 
the dark without heating. The last traces of benzene were removed {9 vacuum at a pressure of 0.1 mm Hg. After 
removal of all the benzene, the substance crystallized. We obtained 15 g of a crystalline product with m. p. 
40-42°; 38.59°(C 10, {a alcohol); Amax 238 my alcohol), log 4.31, 


Elementary analysiss 


Found 82.45; 82.58; H 11.86; 11.83; OH 6.33; 6.40 
Calculated C 82.25; H 11.37; OH 6.88 


Preparation of ablenol polymer. A sample of abicnol hydrate (1.2564 g) was placed {a a welghed tube and 
heated at 90-95° at a pressure of 3 mm for 5 hours, During this, 0.0847 g of water (6.74%) was liberated, The 
clear viscous mass obtained was dissolved in 10 ml of alcohol. The insoluble, white amorphous ae: wat 
collected and dried, We obtained 0.1 g of product with m. p. 115-120° and [a}p = 8°. 


Found %; C 82.53; 82.44; H 11.78; 11.76; M 1269; 1303 
Calculated C 82.25; H11.373M 1220, 


LITEKATURE CITED 


[1] H. Winhaus and R. Mucke, Ber., 75, 1830 (1942), 


(2) G. V. Pigulevskif and V. G. Kostenko, Bull, Leningrad University, No, 4, Phys. and Chem, Ser., No, 1 
154 (1959), 


. 
= 
3 
: 
145 
i 


(3) E. R. Blout, 2, Fields, and R, Karplus, J. Am. Chem, 10, 194 (1948), 
(4) 3.3. Fox and A. £. Martin, Proc. Roy. Soc., A175, 208 (1940). 
(5) L. Collamy, Infrared Spectra of Molecules, (Foreign Lit, Press, 1957) p.57 {Russian trans! ation), 


Racelved May 6, 1959 


| 
. 
. 
. 
. 
° 
. 
: 
‘ 
> 
‘ 
: 
e 
. 
. 
: : 


DETERMINATION OF ORGANOALUMINUM COMPOUNDS 
BY AN INDICATOR METHOD eae 


Corresponding Member Acad. Sci. USSR, G. Aw . 
Razuvacy end A. Graevskil 


Organoalurainum compounds have found wide application as catalysts fa the polymerization of ethylens,. 
propylene,and other @-olefins and, as a rule, they are used as dilute solutions (0.1°10%), The analysts of suck 
solutions presents considerable cifficulties and at the present time there {s no rapid and simple method of analye: 
sis for these substances, 


It may te supposed that the presence of an unfilled 3p electron level at the central aluminum atom, opes 
to electronic attack, determines the acidic properties of organoaluminum compounds ( *general acids® according 
to Lewis [1]) and makes {t possible to tluate them fn the presence of normal acid-base Indicator, 


In this connection {t seemed Interesting to determine how alkylaluminums and arylaluminums and thelr dere 
(vatives would interact with inclestors and organic bases, For this pu:pose, (b. p. 130°/50 mm), 
AN (8. P. 148°/50 mm), (>. p. 125750 mm), AIGH, Cl, (b. p. 115°/50 mm), AGH, 
(b. p. 109°/10 mm), AIG HACGH,); (b. p. 145°/10 mm), which were synthesized by known methods, and also 
Al(C,H,}y and Al(C,Hy)s® were dissolved fn purified toluene, that had been freed from oxygen, and mixed with 
cichlorocthane solutions of methyl viclet, 


It was observed that when AGH), and Its halo derivatives were added, the Indicator changed color how 
violet (alkaline form) to yellow or green (acid form). Al(C,H,); and Al(C,H,), acted on the Indicator analogously, 


If excess of any organic base was added to the yellow or green solutions, the color again became viotet. B 
is foteresting that compounds of the type AIFgOR and dic not change the color of the Indicator, 


The neutral properties of these substances can probably be explained by shielding of the 3p level of alumiae 
um by she fice electron doublets of oxygen. 


We ttrated organoaluminum compounds with certain organic bases (butyl acetate, ethyl acetate, dimethyle 
aniline, ethyl ether, pyridine etc.), using Indicators. Indicators were chosen which were readily soluble {n organie 
solvents and gave clear changes at the equivalence _ As a rule, they contained amino groups (methyl violet, 
crystal violet, geatian violet ete), 


Figure 1(a, b, ¢, and d) shows the titration curves of and AIG a sesquichloride 
( an equimolecular mixture of AIC,H;C),) and with dimethylaniline In toluene the 
presence of methyl] violet. The molar ratio of dimethylaniline : organometal compound {s plotted along the abse 
cissa and the percent of the alkaline form of the indicator along the ordinate, The percent of the alkaline forn’? 
was determined Sia. aml on a UM-2 monochromator, The results obtained lead to the following 
conclusionss 


1, The titration curves of organoaluminum compounds with organic bases are similar to the titration curves 
of strong acids with strong bases, Alkylaluminums and arylaluminums and thelr desivatives are quite strong aproe 
tonic acids, 


* A C\H,), was kindly presented to us by A. F. Popov and Al(C.H,),, by E. V. Mitrofanova, 
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Fig. 1. Titration of organoaluminum compounds with dle 
methylanilins In the presence of methyl violet, a) AU 
b) AIGH,C,: AKL GHC AIGH Cys 
¢) 


2, Dimethylanilins reacts with these actds In a 131 ratio, 


3. AM and differ considerably In strength from and AK Br, 
4. AUGH,),8r behaves as a dibasic acid and as yet, no satisfactory explanation can be found for this, 
&. It ts possible to determine and AIG, separately {a mixtures of them, 


To compare the strength of the acids fn the serles AIG H,Cl,, Gr we used 
the so-called Indicator salt stability method (2). It fs based on the fact that a salt formed by a given base with 
any acld decomposes In solution (undergoes solvolysis) the more completely and at a higher concentration, the 
weaker the acid. If an indicator {s taken as the dase, then the decomposition of its salt can be conventently ase 
sessed from the change {n color. Thus, methyl violet has a violet color In the free state. Its salts with acids are 
yellow or green, On dilution of the salt solution, the equilibrium of the reaction 


‘Ind Aw Ind A, 
yellow violet 


where A, the acid, {s displaced to the right and the salt decomposes completely at a definite ‘dilution (the color 
becomes violet), 


Table 1 gives comparative data on the dilution of solutions of salts of methyl violet with trethylalumioum 
and {ts halogen derivatives (dilution required for complete decomposition of the triethylaluminum salt taken as 
unity). We also give the values of the relative electroconductivity of the acids compared (electroconductivity af 
Al(C,Hg)5 taken as unity), As can be seen from the data in Table 1, there fs a parallel between the results ob- 


tained by the dilution method and electrochemical data. According to these results, the acids may be arranged 
in the vas order with respect to strengths 


Al < Al (C2H;)3 Cl < Al (Calta Be 


I should be noted that only dilute solvtions of alkylaluminums can be used with Indicator, Solutions with 
concentrations above 30-40% usually destroy the Indicator, Toluene, xylene, ligroin and heptane are used as sole 
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TABLE 3 
Experiment on Decomposition of Indicator Salts 


Electro» 
Acié conductivity® 
ANG HB “8 
- 888 8s 


* Ihe dilution at which the salt formed between triethylalumfaum 
and methyl violet decomposed was arbivarily taken as unity, 

* * The electroconductivity of tlethylalumioum solution was 
taken a8 unity, 


The present work fs of practical Interest foe rapid determination of the concentration of organoalumfnum 
compounds {n the presence of thelr oxidation products of ths type AIP,OR and AIR{OR). Organoalumfnum come 
pounds can also be detected qualitatlvely by means of acid-base Indicators (fa the absence of other acids, of 
course), 
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POSSIBILITY OF PREPARING POLYMERIC MATERIALS ; tt 
WITH SEMICONDUCTOR PROPERTIES BASED ON POLYACRYLONITRILE 


Academician A, V. Topchiev, M. A. Gelderikh, B, 2. Davydov, 
Academician A. Kargin, B. A. Krentsel®, 1, M. Kustanovich, 
and L. Polak. 


The difficulty of producing organic materials with electron conductivity {a connected with the fact that 
due to the characteristics of normal organic compounds, pennitted encrgy zones, ff they are formed at all, are 
nartow and the forbidden zones ere very wide, The width of the forbidden zones of such substances {8 so great 
that electron excitation docs not occur at temperatures below the decomposition point, The semiconductor 
ertles of organic substances described In the Mterature are usually connected with the presence of condensed 
aromatic rings and N atoms, Possibly valuable polymers are those with multiple, and espectally congugatee 
double bonds, which also contsta In the chain atoms with electrons fa the outer levels that do not participate fa 
a chemf{cal bond (for example, nitrogen atoms), In such a polymer, current carciers must arise comparatively 
readily and with sufficiently high regularity {n the polymer structure; the separation between the electrons {a 
them must be small, The required degree of regularity may be assessed approximately from the free path length 
of an electron in a semiconductor, the length of a CC bond, the length of the monomer unit, and the electuos 
wavelength, It was found that in the case of a maximally sturctched fiber In which the polymer molecules are 
orfenied in the direction of the current, so that there would not be scattering at structural Icreguiarities caused 
by the frregularity of the formation, It {s sufficlent.to have a polymer molecule whose basic chain does not 
contain branchings consisting ef more than 12 carbon atoms to each 35 monomer units, It fs quite aseuats to 
bulld up polymers of such a deg:ee of regularity at the present time, 


From the point of view presented, it was of considerable Interest to study the thermal conversion products 


of polyacrylonitrile, which have only been investigated up to now from the point of thelr considerable thermal 
stability (53, 


It has been suggested that polyactylonitrfle undergoes the following conversions during thermal treatment 


(2). 
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and then due to oxidative debydrogenation 
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The presence of conjugated double bonds and also regularly alternating nitrogen atoms, whose electron palrs 


do not form chemical bonds and are acted upon by both vinyl (relative to the nitrogen atom) and allyl double bonds, 
leads one to expect that these polymers will have semiconductor properties, 


We Investigated the semiconductor properties of the thermal conversion products of polyacrylonitrile, ob- 
tained by polymerization of acrylonitrile with organometallic catalysts (LIC,H,), at low temperatures (mol, welght 
10,000), with Lithium fn liquid ammonia and by oxidation-reduction Initlation (mol, welght 100,000), and also 


TABLE 2 


Treatment E. p. t. data Number of electrons 
Preparation method with unpalred spins fa 
“ thermal — OH, gauss g-factor 4g 1 g of substance 
Oxidation-reduction 
initiation = - No signal 
The same - 31,7 1.981 ~0.021 4.0°10°° 
Raclation polymerizas 
tioa - - No signal 
The same - 28,2 1.998 0.004 5.1°10" 
Tonle polymestzatioa 
(t = ~70°) - - No signal 
The same - + No signal . 
+ - 25.7 1,989 -0.013 1,7° 10 
+ 24.9 2.001 0.001 1,5°10!9 


polymer obsained by fone polymerization with subsequent Irradiation with a y-ray dose of 1,1°107 ev, Poly- 
acrylonitrile samples were subjected to thermal treatment both as powders and as samples {a the form of fibers, 
The samples obtained were {nvestigated by means of electron paramagnetic resonance (e, p. 1); the temperature 
dependence of electroconductivity was determined for some samples of fibers. The e.p.r. apparatus and the 
measurement procedure have been described (3); all the e.p.r. spectral measurements (see Table 1) were carried 


out at room temperature, 
From the data {o Table 1 {t follows that s Bg 
1, The semiconductors obtained have electron conductivity (Ag<0), : os 
2, The concentration of current carriers {s 10'*-10", degeneration fs small, 
3. The half-width of the baad of the e.p.r, spectra, characterizing the relaxation time, equals 10-20 gauss, 


No structure {n the p, £. spectrum was noted In any case and only one narrow line 
was observed ‘n accordance with the results of Fletcher (4). : 


Figure 1 shows the temperature depe ndence of electroconductivity for setpiaaieaion obtained by oxidation- 
reduction {initiation aus subjected to thermal conversion, 


The width of the forbidden zone, AE, calculated on the basis of the curve in Fig, 1, was found to be 1,9 
ev, This semiconductor may work at a considerably higher temperature (the polymer still does not decompose 
at 300°) than germanium, for example, This forbidden zone width also indicates that the semiconductor propet> ~ 
tles are not connected with carbonization of the polyacrylonitrile samples during thermal treatment since the fore 
bidden zone for graphite is extremely narrow, Thermally treated polyacrylonitsile decomposes hysrogen peroxide, - 
which is characteristic of semiconductor 
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atment p. data Number of electrons 
Method of preparing = = with unpaired spins fa 
polyactylonisrile thermal] nation OH, gauss} g- factor dg 1 gofsubstance 
with salts 
Oxidation-reductioa 
inidlation * - No signal 
The same + - 31,7 1,981 0,021 4.0°10% 
e acl, | 30.9 1.999 0.003 5.2°10% 
| 47.8 1.995 | -0.007 
Tonle polymerization - No signal 
The same | 20.6 2,000 | 8.8°10% 
Thus, the materials obtained on the bas{s of polyacrylonitrile have typical semiconductos properties and ' 


due to thelr character and high thermal stability, they may operate at elevated temperatures, 


Sloce polyacrylonitrile swells {n concentrated salt solutions, 
it ts possible (before thermal treatment) to Introduce {nto the poly> 
mes metal fons, which can then be electron éonorn, 


‘Table 2 gives data obtained by studying the e. p. spectraof 
_ two samples of polyacrylonitrile impregnated with salt solutions bee 
fore ther:nal treatment, The specifle electroconductivity of a same 
pie with CuCl; Increased and reached (at 300°) 
10°? ohm*!*em"4, 
We also showed that preliminary trradlation of polyacrylonie 
trile with a y-ray dose of 1,1°107 ev with subsequent thermal treate 
j ment led to a sharp Increase . the concentration of electrons with 
unpaired spins (up to 1.5* 10"%) In comparison with the unirradiated 
polymer, If the polyzcrylonitrile was obtained by radfation polymerte 
» | zation and then treated thermally, the concentration of cursent cate 
S slers was practically the same as in samples obtained by normal. 
methods of polymerizing acrylonitrile, 
Thus, the action of y -radlation on the polymer makes subsee i 
r quent thermal treatment more effective in the preparation of mater> ; 
fals with semiconductor properties, 
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ADDITION OF HYDROGEN BROMIDE TO 1, 1, 1, 2° TETRACHLOROPROPENE-3 
AND 1,1,2¢TRICHLOROPROPENE-2 IN THE PRESENCE OF BENZOYL PEROXIDE 


Corresponding Acad. Sci. USSR R. Fretdiina, Vv. 
Kost, M. Ya. Khorlina, and Academician A. N. Nesmeysnoy 


In work by us (1, 2) and cooperation with L. 1, Zakharkin (3) and A. B. {4), rearranges 
ments were detected In free radicals of the types 


where = Cor H, R” = H, C4, br, and X Br,, a, obtained {n the addidion of HEr, and By 
polychloroolefins Ch. 

In the present work we studicd the addition of HBr to 1 Lee end 1,1,2-trichloroproe 
pene-2 the presence of benzoyl peroxids, 

The Interaction of HBr with 1,1,1,2-tetrachloropropenc-2 icd to a mixture of products, from which we {so 
lated 1,1,2,2-tetrachlozo-3-bromopropare(}) in sdout 30% yicld. In addition, the reaction mixture contained 
CHO, CO, CHC (ID, = CA — Ct, Br CC CHC (IV). 

The presence of I and II shows that In th{s case also,the addition proceeded with 3 rearrangement of the 
type indicated, The small yleld of f and also the presence of Il, Il and IV {n the reaction products {s apparently 


explained by the relatively low stabillty of the Intermed! ate radicals, which decompose with the transfer of @ 
chlorine atoms 


CCl, — OC CH, + Br -- Br —00,— Be 
= HOO, — — +Br 


— 00), — C1, Br — 


os 300,-60~ aia 


—CH,C*+00,00—CH,G ete. 


According to composition, constants, and IR spectru:n, substance I was identical with 1,1,2,2-tctrachloro-3-broe 
mopropane, which we obtained by the scheme 


cc — — CC, — CH, Be, 


*It {s possible that CCl, = CCl was formed as a result of ally! {somerization of CO,CC = Ct, under the 
action of hydrogen bromide, 
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and differed In constants and IR spectrum fron) 1,1,1,2-tetrachloro-3-bromopropane, which we obtalned by chlore 
ination of CCl, CH When treated with alkall in ethyl cellosolve,(T)lost hydrogen chloride to come 
pound which was characterized as the hydrochloride of the diethylamino derivative COs = CA — ° 
*HA(V). According to composition, constants, and IR spectrum, compound II corresponded to 1,1,2,2,3-pentas 
chloropropane, which was obtained synthetically by chlorination of CHCI;CCl = With dlethylamine and 
thiourea, trichlorobromopropene II gave derivatives which were {dentified as the hydrochloride and picrate, ree 
spectively, On reaction with Hg, compound III gave a trichloroallylmercury bromide, CCl, = CCl Cit, HgBe, 
{identical with that obtained by an authentic method (5). In properties, tetrachloropropene IV corresponded to 
known 1,1,2,3-tetrachloropropene and gave the corresponding derivative V with diethylamine, 


The addition of HBr to 1,1,2-trichloropropene-2 proceeded without rearrangement to form 1,2-trichloro-3 
ebromopropane as can be seen from the scheme. 


. HBe 
HCClp— CCI HEr — — HCCI, CHC] — CH, Be. 
A vn 
This reaction course {s evidently due to the great stability of the tadical A formed fn comparison with the radi~ 
cal with the stcucture CHCICC),Ci4,Br, which could be formed by rearrangement, 


According to composition, constants, and IR spectrum, substance VI was Identical with known 1,1,2-trichloros 
*3-bromopropane, In addition, we obtained the fsothlourea derivative CHCl CHCl ia the 
form of the picrate, which was Identical with the corresponding derivative synthesized from known 1,1,2-trichloroe 
-3-bromopropane, 


EXPERIMENT AL 


Addition of HBr to CCA,CA = Ci, Hydrogen bromide was passed at 60-70° through a solition of 120 g of 
1,1,1,2-tetrachloropropene=2* and 0.5 g of benzoyl peroxide till saturation, The reaction products were washed 
with sodium carbonate solution and water and dried over CaCl,; distillation on a column at 7 mm ylelded the 
following fractlons: 126-27°, 17 g; 11 27-S7°, 6.5 g; 57-77", 46.5 g; IV 17-78) 43 g, residus 15 g. Fraction 
was orginal 1,1,1,2-tetrachloropropene=2, 


Fraction If ylelded with b. p. 70°/32 mims 1.51825 1.5500 (Iterature 
data (6): b. p. 68°/30 mm; nig 1.5160; dy? 1.5409). The hydrochloride of the dlethylamino derivative had m. pe 
168-169° (Iiterature data(7}: 169°). A mixed melting point of the hydrochlorids with the authentic compound 
was not depressed, 


Fraction III consisted mainly of (18 g) and 1,1,2,2,3-pentachicropropane 
(16 g), which were {soiated from the mixture by distillation on a column, Trichlorobromopropans (a strong lacke 
rimator): b. p. 79-80°/20 mm; ni} 1.5488; 1.7924 (Irerature data (1) for CA, CC — Cit, Br 78-79°/19 mms 
nf§ 1.5550; d3° 1.8835). The low constante are caused by the presence of close boiling fractions, The structure 
of the trichlorobromopropene was confirmed by preparation of the derivativess 


1) with dlethylamine: m. p. of hydrochloride 169° (Literate data [7] 169. 
2) with thiourea: m. p. of pricrate 176-176.5° (froma alcohol), 


Found % C 26.73; 26.88; H 1.72; 1.80 
Calculated 26.77; H 1.80 


3. with mercury: = CH, HgBr, m. p. 117° (literature data (sk m. 117°). Mixed melting 
polnts of the derivatives obtained with authentic samples were not depressed, 


After treatment with an alcohol solution of thiourea and then H,SO, In the cold to remove unsaturated 
compounds, 1,1,2,2,3-pentachloropropane was redistilled. B. p, 82°/20 mm; of 1.5122; 1.6240; MR 39.9% 
Calculated MR 40,39, ae. 


Found %3 C 17.02; 17.01; H 1.33; 1.34 
Calculated C 16.65; H 1.40, 


® See (6) for the preparation of 1,1,1,2-tetrachloropropene +2, 
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1,1,2,2,3-Pentachloropropane, obtained by chlorination of 1,1 had b. p. 80°/19 
1.5106; 1.62435 1.61905 MR 39,90; Calculated MR 40.39 (literature data (8): b. p. 78°79°/16 mmy° 


The IR spectra of the pentachloropropancs obtained by the twn methods were Identical, The alternative, 
1,1,1,2,3pentachlorepropane, has (6) b. p. 64-65°/9 mms my 1.5205; 1.6117, and also differs sharply fo IR 
spectrum, Fraction IV consisted of 1,1,2,2-tetrachloro-3-bromopropane with b. p. 78°/7 mms 1.53853 
1.9144; MR 42.71; calculated MR 43,29, ‘ 


Found %: © 14.18; 14.06; H 0.98; 1.10; Hal 84.643 84.68 
Calculated 13.825 H 1,16; Hal 85.00, 


was also obtained by chlorination of 
and had b. p, 78°/7 mm; nig 1.5388; 1.9109; MR 42.745 Calculated MR 43.29, The IR spectsa of the 1,1,2,2¢ 
etetrachloro-3-bromopropancs obtained by the two methods were Identical, : 


In addition, by chlorination of CCl, = CH CH, Br we obtained 
$2-82.5°/8 mm; nig 1.5347; 1.8922; MR 42,89; Calculated MR 43.29, 


Found 13.94; 13.81; H 2.18; 1.19 
Calculated %: C 13.81; H 1.168 


The IR spectrum of this tetrachlorobromopropane differed noticeably from that of 1,1,2,2-tetrechloro-3e 
-bromopropane, 


The tetrachlcrobromopropane fsolated from fraction IV wes dzhydrochlorinated with alcoholle atkall to 
yleld 1,1,2-trichloro-3-bromopropene with b, p. 76-78°/15 nm; 1.5450; 1.8775 (Iterature data (1) d. pe 
18-75°/19 mm; 1.5850; 1.8835), which reacted with dlethylzmine to give a cenvative, Identical com 
constants with an sutheatlc sample (1). A mixed meiting polnt of the hydrochlorides of these amines was not 


tlon with 1,1,1,2-tetrachioropropenc-2 and after removal of the CCl, and the unreacted trichloropropene, It was 
distilled on a column, We {solated 27 g of a fraction with b. p. 64-65.5°/S mm and 17 g of high-bolling frace 
tlons (125-135°/3 min), which were not Investigated more closely. 


The fraction with b. p. 64-64.5°/5 mm was pure 1.5303; 1.83985 
MR 38,02; Calculated MR38.42, (1,1,2-Trichloro-3-bromopropane, obtained by the procedure (3), had the 
following constants: b. p. 64-65°/S mms; 1.52963 dy” 1.8424), 


Found % © 16.03; 15.95; H 1.51; 1.58 


The IR spectrum was identical with that of authentic 1,1,2-trichloro-3-bromopropane, We odtained the 
lsothlourea derivative; m. p. of picrate 158.5°, 


Found %: C 26.41; 26.31; H 2.36; 2.49 
Calculated %q C 26.65; H 2.26 


A mixed melting point with the picrate of the {sothfowea derivative obtained from authentic 1,1,2-trichloroe 
*3-bromopropane was not depressed, 


*1,2-Dichloro-3-bromopropene was obtained by prolonged heating of 1,2,3-trichloropropene-1 with sodium brom= 
ide in acetone. B. p. $7-58°/17 mm; 1.5438; 1.8012; MR 33.27; Calculated MR 33.09 \ 


Found 18.91; 18.91; H 1.47} 1.53 : 
Calculated C 19.01; H 1.60, 


* © See (3) for the preparation of CHCl CC] 


‘ 
4 


Addition of HDs to CHO;CA Gt, Hydrogen bromide was pas:ed Into a solution of 80 g = Ch? ® 
and 0.5 g of benzoyl peroxids In 140 g of CC1, till saturation, The reaction product was treated as fo the reace ee x i 
159 
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ORGANOZINC COMPOUNDS oF THE CLASS AtgZa AND Tm DIOXANATES 


a 


N, 1. Sheverdiaa, V. Absamova, and Corresponding Membes 
Acad, Sci. USSR K. A. Kocheshkov 


L. Ya. Karpov Scientific Research Institute 


As we showed earlier for the firt time (1), organozine compounds of the class RZNX(X {fs a halogen) _ 
be fsolated In @ pure, crystalline state as thels complexes Mid ether of dloxane,® 


It was reported in the Iterature that all the halldes of zine give corresponding ee with the formule 
ZnXg *2C,H,O;, while the ether, ZnXg°2 eth, Is only known for zinc fodide (2), 


In the light of these data {t was Interesting to determine whether analogous complexes exist for organozine 


compounds of the clasts Ar,Zn, the more so because such a complex, for example, 
zine with ether was not cetected [3}, 


Actually, none of the diarylzincs described {n the present iil gave corresponding esterates, but {n the case 
of dioxane,®* we {solated the complexes Zn* C,H,O, (p-CH, 


The dfoxanates were white crystalline substances, which dissolved In ether and dloxate, but were insoluble 
in benzene and 


In connection with the preparation of the dloxanates (and also compounds of the class ArZnX OD, tt was 
necessary to Improve the method for preparing the starting dlarylzincs, The latter were flsst obtained by ee 
and Gruttnes (5) by heating diphenylmercury with metallic zinc {a the absence of solvent. | 


This method, which fs too drastic, was Improved by Kocheshkov, Nesmeyanov and — {3}, who onitue 
out the reaction {n boiling xylene and this made It possible to extend the synthesls to a series of organozinc come 
pounds with substituents {n the nucleus. A drawback te the method with zinc was the fact that the success of the 
synthesis depended on the state of the metal (so-called *Zink-Wolle® was preferable), 


Later, Wittig (6) successfully used the reaction between zinc chloride and phenyllithfum {a an ether mede 


ium to synthesize ciphenylzine, After evaporation of the ether, the reaction product was distlied {a high vacuum 
(0.01 mm, 160°. 


To avold the vacuum distillation, which would require a higher vacuum and an even higher temperature 08 


going to higher diarylzincs (with this metlod, contamination 7 dfaryls of the diphenyl! type {s unavoidable}, 
we chose to work with solid aryllithiums, 


The latter, obtained by the procedure developed by Talalaeva and Kocheshkov [7] (an X-M ern see 
action), {n contrast to those prepared in the usual way with aryl bromide and metallic lithium {n ether, contained 
hardly any diaryls (or, If necessary, the traces could be washed from them). Under our conditions, an insignificant 
amount of —_ was produced in the reaction, 


® By crystallizing ethylzine fodide from ethyl fodide, &. Gvozdov did not obtain the former In a pure state (4). 


However, we were able to {solate a preparation ee to the formula GH,Zal according to analysts, 
* °1,4-Dioxane everywhere, 
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The pure diarylzine was therefore frolated easily by crystallization without distiltation, 


In this way, we were able to obtain diphenylzinc (83% yleld), di-o-tolylzine (71%), di-p-tolyizine ast 
and di-a-naphthylzinc (46% (the last two fos the first time? 


Solution of the diatylzincs tn dioxans and removal of the bulk of the solvent yielded white, expitalling 
precipitates of the corresponding dloxanates, 


The dloxanates were white, crystalline substances, which were soluble {a ether and dioxane, in benzene os 
heating and in Ugrota and hexane, 


| 
=: EXPERIMENTAL 


All experiments were cartled out in a special apparatus for work fn an Inert gas, which was previously dee 
veloped in our laboratory (7). The solid diaryllithiums were obtained according to(7) end analyzed for the 
content (there was usually a trace of ithium bromide), The figures presented later are calculated for pure Arlt, 


Diphenylzine from crystalline phenyil{thium, Into a round-bottomed Mask, fitted with a stirrer wih 
mercury seal, a reflux condenser, a dropping funnel, a thermometer and a nitrogen Inlct and fisst filled with pure, 
dry nitrogen, were placed 18,8 g (2 moles) of solid phenylitditum, 14.8 g (0.98 mole) of anhydrous zine chloride, 
tapidly ground to a powder in a chamber under dry argon, and 150 ml of dry xylene, The stirrer was started and 
30 ml of ether added from the dropping funnel (due to the Insolubility of phenyllithium and zine chloride Is 
xylene), The temperatuce spontancously rose to 60-80°, The mixture was then heated at the boiling point of 
xylene for $-S.5 hours and the hot solution (70-80°) filtered free from Uthlum hallds salts (glass filter No, 4). 

The residue on the filter was washed 2-3 times with hot xylene, the bulk of the solveat removed,and the white 
crystalline precipitate collected, washed with Igroin,and dried fa vacuum, We obtained 19.9 g of diphenylzine 
(83.3%, calculated on the zinc chloride taken) with m. p. 105° (m. p. according to Mterature data (Sk 105-197"), 


Found Zn 29.45; 29.77 Calculated Ze Za 29.80 


Diphenylzinc was soluble fa other hydrocarbons, carbon ether,and dioxane, 
and Insoluble In hexane, 


Diphenylzine dioxanate (CH; Zn°C,H,Q,. 2.8 g of diphenylzinc, obtained as described above, was dise 
solved'in 25 ml of dry dioxane, the bulk of the solvent evaporated and the precipitate collected and washed with 
Igroin, We obtained 2.5 g of a crystalline substance, 


Found Zn 20.84; 21.55 Calculated Za 21.26 


Diphenylzine dloxanate was a crystalline substance, which was readily soluble In dioxane and ether and 
insoluble {n hexane, even on heating, It was readily decomposed by waters and alcohol, 


Di-o-tolylzine from crystalline o-tolyllithium, The product was obtained by the procedure described 
above from 16.5 g {2 moles) cf solid o-tolyllithium and 11 g (0.96 mole) of zinc chloride {n 109 ml of xylene 
(with the subsequent au-‘tion of 15 ml of absolute ether), Heating for 5 hours and the usual processing yielded 

_ 14.1 g of a white crystalline substance with m. p. 69-71" (71% yield, calculated on the zinc chloride taken). 


Found %q Zn 26.59; 26.15 Calculated Za 26.48 


Di-o-tolylzine was a white, crystalline substance, which was soluble in aromatic hydrocarbons, ether, 
dioxane, and carbon tetrachloride and insoluble in hexane and ligroia, : 


Di-p-tolylzine from crystalline p-tolyltithium., By the procedure described nn from 27.7 g (2 moles) ~. 
of p-tolyllithium and 18.4 g (0.95 mole) of zinc chloride in 100 ml of toluene (with the subsequent addiioa of = 
20 ml of absolute ethes) we obtained 15 g of ——— with m. p. 169-270° oP yield, calculated on zing 
chloride), 


Found 4 Zn 26.28; 26.18 Calculated Za 28.46 


to note that could not be from and 
ne (3 
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Dip-tolylzine was a white, crystalline substance, which was soluble in benzene, dioxane, ether, — 
tetrachloride, and hot xylene and Insoluble in hexane, Mgroin,and chloroform, 


Di-p-tolyzine dioxanate, g of dl-p-tolylzine was dissolved 25 mi of dloxzane 
and it yielded 4.8 g of a white, crystalline substance after weatment as described above, 


Found %q Zn 19.36; 19.642 Calculated %e Za 19.53 
It properties were similas to those of diphenylzine dloxanate, 


Di-aenaphthlzine from crystalline @-naphthyilithium, To # mixture of 21.6 g (0.98 mole) of zinc chloride. 
in 100 ml of toluene was added 20 ml of absolute ehter, The mixture was bofled for § hours, The di-aenaphthyle 
zinc was difficultly soluble {n toluene and therefore the precipitate was collected, dried in vacuum, and extracted 
with benzene, The yleld was 11.62 g (49.5% of theoretical, calculated on the zine chioride taken), When heated 
in a sealed capillary (under argon), di-a-naphthylzine Cecompozed above 200 


Found Zn 21,01; 20.58. Calculated Zn 20.49 


Di-aenephthylzine dioxanate 1g of d1-a-naphthylzine was dissolved {n 15 mi of 
dioxane, Aftcr removal of part of the solvent, the precip{iate was collected, washed with Mgroin, and dried 
vacuuin. We obtained 0.88 of a substance, which was difficultly soluble {a ether and dioxane dissolved fa 
hot benzene, 


Found Zn 16.09; 16.45 zn 16.05 
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THE MAGNETIC SUSCEPTIBILITY OF SOME OXALATE COMPLEXES 
OF TETRAVALENT URANIUM - 


T. G. Aminov, V. V. Zelentsov, and I, A. Savich 
Moscow Physicochemical Institute 


(Presented by Academician V. L. Spitsyn, April 22, 1959) 


The study of the magnetfe susceptibility of compounds of tetravalent vranium fs of foterest fo that £2 pro= 
vides arswers to questions relating to the electronic configuration of tetravalent uranium, 


two unpaired electrons in the tetravelent urantum fon can occup PY 6d of Sf orbitals, Then, according 
to Hund’s rules, their ground state will be determined by the terms *Fy and 


trons occupying the Gd level are more subject to the effect of the electric flelds of the nefghboriag atoms, the 


orbital componcot ts generally almost completely quenched, and the magnetic moment {a this case fs determined — 


only by the spin and fs equal to 2.83 gg. 


The presen: article reports the results of a study of the magnetic susceptbilities of three oxalate complexes 
of 


The magnetic susceptibilitics of these compounds were first studied by A, A. Grinberg and T. K. Fetrazhak 
(1). However, the magnetic susceptibilities were determined only at room temperature, and, moreover, correce 
tions were not mace for the en of the cation and the oxalate fom. 


TABLE 1 
Analysis of the Oxalate Complexes of Uranium Sate 
Uranium Water 1KMnQ, 
Wt, of leonsumed. 
Compound samples| found,%] cale.,% | found,% | cale.,% g 
-SH,O 0,1212 | 28,30 9,83 44,60 
0,0845 | 23,80 | 28,45 | 9,92 | 10,76 
0,0775 | 26,20 41,40 | 44,49 | 
0,1205 | 23,90 | 24,48 | 12,00 as { 
U -714,0 0,csss — 44,00 
0,1230 | 24,90 | 25,40 | | 43,40 43,10 
0,0929 | 13,90 
0,1080 | 26,50 = 41,20 


We studied the magnetic susceptibilities of these compounds over a broad temperature Interval, The values 


of the Welss constant and calculation of all dismagnetic corrections made it possible to calculate more accuratse 
ly the magnetic moments of UIV) in these salts, 


H,, and the effective magnetic mome | 
ents will be 1.63 and 3.58 Bohr magnetons, respectively, {f Russell-Sauncers Interaction takes place, Since elece — 
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The oxalate complexcs of tetsavalent vrantuin were picpared by the method of A. A, Grinberg and T, Ke 
Petszhak (1). These compounds were als dsled, and were then analyzed for watce of crystallization and uranium, 
The water was determined by drying a welghed sample of the preparation at 105-110° to constant welrht, The 
uranium content was deterniincd by titration of a welghed sample of the complex with —- —, 
in an atmosphere of CO. The analytical results are presented ia Table 2. i 


Fig. 1. Relatlonship between x~* and absolute temperature for 5H,0(0, 
and . (UID, and also for p equals 2.83 


The magnetic susceptibility was measured by the Gouy method, The apparatus was fitted with a special 
accessory which permitted operation over a broad temperature range from room temperature down to liquid ale 
trogen — Moht's salt was used as the standard, The effective magnetic moment was calculated by 


means of the formula pers 3.839 4), 


the magnetic susceptibility was determined from 
experimental value of ths molar susceptibility 
Begg 204 Welss Constants for Oxalate of after the Introduction of corections for 


 Tetravaleat Uranium Magnetism, 
The Weiss constant was evaluated means of 
compound Bort the equation 
Sampte it 3,62 
-6H,O 35 where ts the slope of the Ineat part of the curve and 
e 

136} is the reciprocal of the susceptibility at 250° K. 
CALUICHradd: 7H;O The results of the measurements of the magnetic 
Simple | 126} susceptibilitics of oxalate complexes of (U(IV) are pree 


sented in Table 2 and Fig. 1, 


From a consideration of the relationship betwees 

i magnetic susceptibility and temperature (Fig. 1), it is 

- seen that all of the onus studied obey the Curfe-Welss law at temperatures above 19S°K. There ts appree 
clable deviation from this law at lower temperatures, and the deviation fs the same for the different compounds, 
SimBar deviations from the Curle-Welss law have previously been observed for other compounds [3, 4). 


The deviation from the Curle-Welss law at a temperature below 195°K was apparently due to the emergence | 
of low-temperature magnetic anomalies, and with a decrease in the temperature, the susceptibility begins to ine 
crease more than would be expected. “from the equations 


| 

a 

| 
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As may be scen from Table 2, the effective magnetle moments of the U (IV) cecupiexce Ile within the sange 
of 3.60 to 3.85 Bohs magnetons, which Is in good agrcement with the theoretical value 3.58 Tt was 
pointed out above than an effective magnetic moment of 3.58 pg assumes the existence of a specucicopic state 
of uranium determined by the term "H,, and this, in turn, indicates that the two unpaired electrons of tetravalem 
uranium occupy the 5f level. 


In conclusion, the authors express thelr deep apprectation to V. B, Evdokimov for valuable advice. 
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ON THE ACTION OF BROMINE ON 3+ ACETOTHIZNONS 
IN THE PRESENCE OF EXCESS ALUMINUM CHLORIDB 


Ya. and Yo. 8. Vol*kenshtels 
N, D, Zelinskif Institute of Organic Chemistry, Academy of Sciences USSR 
(Presented by Academician A. A, Balandin, May 14, 1939) 


In 1956, Pearson and Pope [1) reported that when acetophenone {s trominated fn the presence of 2.5-9 
moles of anhydrous AlCs in a solventless system, the bromine does not eater the side chain, as It usually does 
in the brorm{nation of this ketone; rather, ft enters the nucleus {n the meta position to the carbonyl group. Is 
1958, these same authors established that this method can apparently be used for halogenatoa of the nucleus of 
other aromatic carbonyl compounds (2), 


The role of the AlCl, In this reaction probably reduces to a blocking of the acy! group Googe the formas 
tion of a stable hybrid clmeric complex having a cyclic structure, 


It appeared to be of interest, both from a purely practical and from a theoretical potnt of view, to study 
the effect of this unusual method of blocking a side chain on the bromination of alkyl 2-thienyl ketones, for exe 
ample, 2-acetothtenone, which is halogenated exclusively in the side chain under ordinary conditions [3, 4}, Is 
this case, ft would be expected that the method used by Pearson and Pope would direct the process toward replaces 
ment of a ring hydrogen atom, but, considering the strong G-orlenting effect of the sulfur atom, it would be dife 
ficult to predict the position (4 of 5) at which substitution would occur, 


The Iiterature on electrophilic substitution fa thicphene derivatives having a substituent of the second 
type {n the 2-position Indlestes that the a-orfenting effect of the sulfur atom predominates over the directive 
effect of the meta ozlenting substituent (5). Therefore, both nitration and bromination of 2-thiophenecasboxale 
dehyde [6-9] usually leads to a mixture of the 4- and $-fsomes with a predominance of the S-lsomet. 


When we brominated 2-acetothfenone In the presence of 2.5 moles of anhydrous AlCls fa a solventiess sya> 


tem, 4-bromo-2-acetothienone (1), previously undescribed {a the Iiterature, was obtained, 4,5-Dibromo- >acee 


tothlenone was obtained as a by-product; the structure of this compound was confirmed by oxidation to the knows © 


4 S-dibromo-2-thiophenecarboxylic acid [10]; S-bromo-2-acetothienone was not found in the reaction products, 


The structure of bromo-substituted ketone I was proved by two routes (see scheme). Oxidation gave the 
known 4-bromo-2-thfophenecarboxylic acid (M), and decarboxylation of the latter 3-bromothlophene (IIIs 
acetylation of the latter gave 3-bromo-2-acetothienone (IV), which was described, though without proof of struce 
ture, by Steinkopf and co-workers (10). Reduction of the 3-bromo-2-acetothienone by Kishnes reduction gave the 
previously undescribed 3-bromo-2-ethylthiophene (V), and acetylation of the latter gave 4-bromo-S-ethyl-3= 
acetothienone (VI). Similarly, oxidation of the 3-bromo-2-acetothienone (IV) to the known 3-bromo-2-thio= 
phenecarboxylic acid (VIN) (10) confirmed the structure of this ketons, 


The second route comprised Kishner reduction of 4-bromo-2-acetothienone (1) to 4-teome-B-ethytihten 
phene, and acetylation of this compound to 3-bromo-5-ethyl-2-acetothienone (VII). Similarly, brominatios 
of S-ethyl-2-acetothienone (X) by the method of Pearson and Pope (2) gave the ketone (VI), the semicarbazons . 
of which proved to be identical to the semicarbszone of the product obtained by acetylation of 3-bromo-2-ethyfe 
thiophene (V). Compounds VI, VIII, and IX also have not been described in the literature, 
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That the idl points of the semlcarbazones of VI and IX were different cons_tutes additional proof 
that the bromtnation of 2-acetothlenons procecds La ths 4 position of the thlophens ring, 


Use of the bromination method described here and the high ylelds of the products formed fn the inasioeme 
of the stages open up new possibilities for the synthesis of relatively woavallable thlophencs, Thus, the method 
of Pearson and Pope has been successfully used in our laboratory for the Introduction of a second acetyl group Ine 
to 2-acetothlenone and for the chloromethylation of ft, Detailed data on this problem will be published later, 


EXPERIMENTAL 


Bromination of 2-acctothienone, Over a period of 10 minutes, 25 g of 2-acetothienone was added drop= 
wise, with stirring, to 66.3 g of anhydrous AIC! 12.5 ml of dry bromine was added dropwise over a period of 
10 minutes to the Iquid complex at 30-40°, The congealed mass was transferred to a mixture of Ice and 66 mi 
of concentrated HC, The oll which separated was extracted with ether, and the extract was washed with water 
and with a solution of soda, dried over Ca, and distilled under vacuum. The following fractions were collecteds 
Dd. p. 193-143°/15 ma, 28.6 g, 1.6110; BP, 143-170°/15 mm, 7.8 g,m.p. 71-80. 


A second distillation of Fraction I gave 26.8 g of 4-bromo-2-acetothicnone (1) with a b. p. of 133-135°/15 


mm, mm, 117-119°/7 mm, 1.6080, yield 66% of theoreticale 


nd 
Calculated 4:6 38, 35,07; 2.48 


M. p. of semtcatbazone, 214.5-215° (froma alcohol), 


Found %e N 15.58 15,00 3 
C,H,BrN, 0S. Calculated : N 16,03 : 
p. of 109.5-110° (from alcchol), 


Fraction Il (yleld 13.5%) was 4,5-dibromo-2-acetothienone, which, after recrystallization from aqueow 
alcohol, melted at 85-86° (literature value 85-86°), 


Be Be Be Be 


j 


4+ actd (11). The oxtdation of 4-bromo-2-acetothtenone was cattied out by 

_ the method described in the Tterature for the oxtdation of 2-acetothlencne [10}. Oxidation of 14.7 g of the kee 

_ tone in 9 mixture of 9.6 g of NaOH, 34.7 g of KMnO,, and 7.5 ml of 30% 4,0, gave 12.3 g of 4-bromo-2-thioe 
phenecarboxylle acid; 82.5% Me Po 121-122" water) (literature value 122°223.5°). 


nd 29,26; 20,30; H 4,4 


acid was prepared under conditions similar to those wed fn the prepasc 3 
sation of M1; 2.7 g of 4,5-dit:emo-2-acetothienone, 1,3 g of NaOH, 4.6 g cf KMnO,, and 0.9 ml of 30% HG 
were vied, The acid was recrystallized from benzene; 27.4% yicld, m. p. 227°228° (Iteratuse value (10}, 


Found: 24.39; 24 47; H 0,77; 0,88 


3-Bromothfophene (II), The decarboxylation of 17.2 g of 4-bromo-2-thtophenecarboxylfe acid were carried 
out in 80 ml of distilled quinoline in the presence of ~10 mg of copper powder at a bath temperature of 220-240", 
1750 ml of CO, (theoretical, 1860 ml) was evolved in 1.25 hours, The reaction mixture was poured into 400 mi 
of water, acidified with HCl to an acid reaction toward congo Indicator, and extracted with ether. The extract 
was washed with water and with a solution of soda. The 3-bromothlophene was distilied from 3 Mask fitted with 
a dephicgmator. 11.8 g of product —_ ab. p. of 158-160", rg 1.5860, was collected; the yleld was 87.2%, Lite 
erature data (10}: b. p. 157-158", 15861, ° 


3-Broma-2-acetothfenone (IV). To a solution of 11 g of 9-bromo-thlophene and 6.3 g of distilled CH,COCR 
{n 21 ml of dry benzene, cooled to ~0°, was added dropwise over a period of 30 minutes a solution of 10.8 g of 
anhydrous stannic chloride in 7 ml of dry benzene, On the following day, 35 mi of 6 % HC was added dropwise 
at 5-10°, The benzene layer was washed with water and a solution of soda. The aqucous layer and the wash wae 
ter were extracted with benzene, and the material remaining after vag pape of the henzene and the combined 
benzene solutions were distilled, 7.1 g of 3- -bromo-2-acetothlenone, ny 2.6108, was collected; 512% yield, 
P- 102-105°/4 mm, Literature value (10), 130°/12 mm. 


Found %: ° 35,47; 35,70; H 


M, p. of semtcarhazore 196.5-198 (from sicobol). 


Found 15,84; 45, 


3-Bromo-2-thiophenecarboxylic acid (VII) was prepared by oxidation of 1 g of 3-bromo-2-acerothienons 
with 2.4 g of KMnO, and 0.5 m! of 30% HQ, In the presence of 0.7 g of NaOH, The yield of acid was 49%, m.po 
197-197.S° (from water). Literature value (10), 190°. 


CsH3Br0,S Calculated %e 39:00: Hite : 


(Vv). A of 7g of 3-bromo-2-acetothtenone, 8A g of hydrate, 
and 21 g of ethylene glycol was heated until the mix:ure became completely homogeneous (at 30°). 8.4 g of 
granulated KOH was Inuroduced at 40°. The mixture was heated over a burner until the distilled material was 
transparent, The distillate was extracted with ether, The extract was washed with 10% HC), a solution of soda, 
and water, and dried over CaCi3. The ether was distilled, and the residue was distilled under vacuum, 4.5 ga 
3-bromo-2-ethylthiophene was collected; b. p. 79-81°/14 mm, a 1.5602, 69% yield, 
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4-Bromo-S-ethyl-2 eacetothicnone (VI). The acetylation was carled out undes conditlors similar to those 
used for the preparation of 3-bremo-2-acetothlenones the inital temperature during the addition of the SaCig 
was-10°, From 3.9 g of 3-bromo-2-ethylthfophens, 1,8 g of CH,COCI, and 3.1 g of SaCl, was obtained 2.6 g 


VE, 124-126 °/4 mm, 1.5800, 55.8% yleld, The product distilled with mild decomposition, 


p. of semicarbazone, 235-236" (from alcohol; in a sealed capillary}. 


s d : C 37,20; 37, H 4, 


Brominatton of 8-ethyl-2-acetothfenone. To 21.8 g of AIC, was added dropwise 10 g of S-cthyl-2-acetoe 
thicnons and, at 30°40°, 3,8 ml of dry bromine. After 2.5 hours, the mixture solidified, It was transferred to @ 
mixture of ice and 25 ml of concentrated HC, and was then treated as described above. The followlog fractions 
collected during 1b. 121-131°/4 mm, 7.9 g, 1.5918; p. 131-153°/4 mm, 3.7 g, 

1.6093. , 


The substance distilled with partial Redistilatioa of Fraction I gave 4.5 g of V1, b. 
119-121°/4 mm, nip 1.5882; 36.8% yleld, Fracticn 1 was not investigated, — 


A mixtuse of the semicarbazone, m. p. 235-236", with the semfcarbazone obtained from by 
the other route melted without depression of the melting pola, - 


4-Bromo-2-ethylthfophene (VII) was prepared by Kishner reduction above) of 17.6 of 4-beomo-2° 
acetothlenone with 21 g Of hydrazine hydrate, 51 g of ethylene glycol, and 21 g of KOH, The mixture was heated 
to 100° for the formation of the ee 13.6 g of 4-bromo-2-ethylthlophene was obtained, b. p. 81.5-82.5°/14 
mm, 1.5617, 83% yield, 


37.9% 37,78; 3, 3,67 


Calcul 31 


3-Bromo-S-ethyl-2-acetothlenone (IX) was prepared under conditions similar to those used for the prepara~ 


_ ton of VI from 83 g of 4-teome-B-otyiatayneee, 3.7 g of CH;COC, and 6.7 g of SaCly, Fedistillation undes 


vacuum gave 6.1 g of IX, b. p, 122-125°/s mm, 1.5833, 61% 


Found % : C 41,38; 41,37; H 3,90; 3,82 
Calculated C 41,28; H 3,8 


p. of semicarbazone, 188-191" (from alcohol; fa a sealed capillary). 


ound C 37,31; 37,30; H 6,08 
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THE CONDZKSATION OF HALO ALCOHOLS WITH BENZENE 
UNDFR THE INFLUENCE OF SULFURIC AGID 


Vv. Gramenitskaya, G. t. Nikishta, and Corresponding 
Member AN SSSR 4. BD. Petrov, 


Institute of Organic Chemistry, Academy of Sclences USSR 


In our preceding Investigation [1), we studied the haloalkylation benzene with methallyl chloride aad 
2-methyipropenyl bromide In the presence of H,SO,. The yleld of was 14%, while 
that of bromo-tert-butylbenzene was 35%. More recently, we “ave been sucessful In obtaining these same prode 
ucts In ylelds of 70 and 25%, respectively, by the condensation of 2-methylpropenyl chloride and methallyl bro 
mide with benzene. An attcmpt to extend the haloalkylation reaction to dichloroolefins = 1,1-dichloro-2-mee 
thyl-2-propene, 1,3-dichloroprogene, and 1,2-dichloro-2-propene was unsuccessful, Schmerling and co-workess 


(2) were also unsuccessful fn attempts to carry out the condensation of —_ dichloroolefins with benzene {2 the 
presence of suifurie scid, 


A number of examples of the haloatkyiz tion ef benzene with tertlary halo alcohols were studied fa the 
present Investigation, The change from haloalkeres to halo alcohols was dictated partly by the circumstance 
that this permits the synthests of a larger number of chloro-and bromoalkyltenzenes of different structures, The- 
structures of the halo alcohols, the conditions under which the condcnsatlon reactions were carried our, the satics 
of reagents, and the product ylelds are presented {n Table 3; the propertics of the condeisation products are pree 
sented in Table 2, It was previously estatl{shed that {n the condensation of 1-chlo:o-2-propanol with benzene 
{n the presence of BFy, 1-chloro-2-phenylpropane {s formed in 37% yield (3). We were unable to carry out this 
reaction by contacting the reactants with 9C7 H;SO, for six hours, A large part of the 1-chlcr0-2-propanol was 
recovered from the reaction mixture, As Kundiger and Pledger have shown (4), the alkvtation of benzene wits 
a tertlary alcohol = 1,1,1-trichloro-2-methy!-2-propanol {n the presence of AlCl, yields 3,3-dichloro-2-mee 
thylallylbenzene; f.e., the reaction proceeds at the expense of a chlorine atom of the 1,1,3-tlchloro-2-methyte. 
1-propene formed as an lotermediate. 


Of the homologous tertlary monochloro alcohols CCH, CH, and 
CH, C CH,), OH, we were able to obtain chloroalkylation products only with the first and third. The method used 
for the condersation of the halo alcohol with benzene was the same In all cases. The calculated amount of H,SO, 
was added, with stirring, to the reagents over a period of 1.5-2 hours, after which the reaction mixture was stirred 
for sn additional several hours (Table 1), In the reaction of with- benzene, that 
nart of the alcohol which cid not enter into the condensation reacifon was recovered from the reaction mixture, 
1-Bromo-2-methyl-2-propanol behaved similarly. With a change In the order of addition of the reactants, f.c., 
‘ahen the 1-chloro-2-methy]-2-propsnol was added to a mixture of benzene and 80% H,SO,, no alkylation prod> — 
uct was chained, The second member of the series, 1-chloro-3-methyl-3-propanol, was evidertly partially ceo 
hydrated under the conditions of the reactions (60% was dehydrated; about 40% of the alcohol te" recovered from 
the reaction mixture); however, the resulting 1-chloro-3-methyl-2-butene did not alkylate the benzene, but {a= 
stead rearranged to 2-chloro-2-methyl-3-butene, HCl was eliminated from the latter with the formation of iso= 
prene, which polymerized under the Influence of the H,SO, (only a wide-bofling fraction of hydrocarbons was 
separated from the reaction products). Under the conditions employed, more than half of the 1-chloso-4-methyle 
4-pentanol cyclized to 2,2-dimcthyltetrahydrofuran, which explains the low yleld of condensation product. The 
presence of a quaternary carbon atom in the latter was confirmed by the infrared spectrum. The alkylation of 
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benzene with thyl-2-propanol gave a 15% yleld of 
The major part of the original alcohol (74.5%) was dehydrated with the formation of dichlorolsobutylenes, Che 
and CICH = which, as we have noted, are incapable of condemsing with benzene, 


TABLE 1 


| 
BS 3 
a 
sg 
202121285 Bs 
OH 3:41:10, 00/3-5] § 
RICH 3:4:10)05/3—S | 7 CH C(Ch 3g) 
3:14:10) 00/3—S | 6 
111) 3:1:10,00] 7 | 7° |BrCH,C(CH,),C,H, 
IVICI,CHC(CH,),011 3:41:10, 00/3—S$ 8 
3:34:10) 90/3—5 | 5,5 
VIICICH CHI, C(CI1,),0H 3:1: 10) 00/3—6 | 6 
: 1: 10,90 /3—6 | 
CH CH 13: 4:10) £0/3—S | 4 
13: 4: 10,90/3—S | 8, 


CICH,CH,CH;C(CH 


1-Chioro-2-ethyl-2-buranol also partially under the of An attempt to to 
late benzene with the chloroolefin formed by the dehydration of this alcohol was unsuccessful, 


We found that the best ylelds are obtained when 90% H,SO, is an Increase or decrease In Its concen- 
tration decreases the yield, 


EXPERIMENTAL 


Halo alcohols. The l-chloro-2-methyl-2-propanol and 1-chloro-2-pzopanol were prepared by sulfurle 
acid hydration of methally chloride snd ally! chloride (5). 1-Chloro-3-me thyl-3-butanol was obtained fa T2% 
 yleld by Grignard reaction fsom and B-chloro-methylproplonate [an ester of 3-chloropropionie 
b. p. 82-84°/29 mm, dy’ 1.0308; nip 1.4455; MRp found 31.68; MRp cale.31.65. 


48, $38; 


1-Bromo-2-methyl-2-propanol was similarly obtained in 41% yield from methyl bromoacetates pe 
63°/3 mm, 1.3402; off 1.4513; MRp found 30,77; cale, 29.89, 


was simlilary obtained in 35% yield from methyl 
$3-56°/21 mm, 1.2473; 1.4630; MRp found 31.58; zale, 31.84, 


1-Chloro-2-ethy!-2-butanol, was similarly obtained in &2% yleld irom methyl chloroacetates b. pe 
$4°/60 mm; 1.0117; 1.4502; MRp found 36,02; 


age prepared {n 65% yield from -chloropropyl ketone and CH, 
b. p. 67-68°/2 mm, dy’ 1.0154; 1.4495; MRp found 36.13; MRpfale.36,30, 


The y -chloropropyl pe. ketone was prepared by the action of concentrated hydrochloric acid oa ace- 
topropyl alcohol [y -hydroxypropyl methy! ketone) (6), 


The 1-chloro-2,3-dimethyl-3-butanol was prepared In two steps. Hydrogen chloride, dried with concens 
trated H,SO, and P,O,, was bubbled through 13.15 g of methyl methacrylate at room temperature, and the mixe 
_ ture was stirred for 7 hours, From the reaction mixture was obtained untreated methyl methacrylate and 105 gof 
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y-chloromethyl frobutyrate with a of 154-155*, 1.11333 1.4278; MRp found-31,645 cale,31,68, 
Treatment of this chloro ester with methylma gneslum chloride geve 1-chloso-2,3-dimethyl-3-butanol ia 72% 
yleldy p. 81-62°/2 mm, 1.02723 nj} 1.4540; MRp found 36.053 MRp 


Condensation of chloro alcohols with benzene. The condensation reactions were carried out ta a round-bote 
tom Mask fitted with a stircer, a dropping funnel, and @ thermometer. The chloro alcchols were used {8 amounts 
of 30-70 g. A cescription of a typical synthesis follows, 240 g (2.2 moles) of 907% H,SO, was added, with vigore 
ous stirring and over a period of 1.5 hours, to a mixture of 50.7 g (0.65 mole) cf benzene and 30 _ mote) of 


TABLE 


e ree a 
Haloalkylation product | 4 foun elute |» 
112—413°/23/4 ,0359'4 $235] 49,67] 49,04] J 
C;H,C(CH;),CH;Br 77—78°/2 $2,641] 52,76] — — | 
C4H,C(CH;),CHCl, 1656/1 5390] 54,45] 54,68 £8,29 $9,13/5,08 
£$,03/5, 
98—100°/3 59,4 59,48)73,24 8,79 73,26;8,68 
]128—329° ,0107]4 5158] 58,70] 59,46 73,26\8,68 
e 


Lit. data (9): b. p. 95°/10 mm; 1.0379; 1.5249, 
Pe 97/6 mm; 1.27893 15470. 


A-chloro-4-methyl-4-pentanol at a temperature of 3-5°, The addition of the first portions of acid caused @ rise 
{n the temperature of the reaction mixture te %, After the addition of the chloro alcchol was complete, the rse 
action mixture was stirred for another 7 hours; {t was thea pourcd onto {ce, and the organic layer was separated 
from the aqueous layer, washed, and dried over CuSQ,. Vacuum distiilation of ee organic layer gave 11,2 g 
(51% yletd) of 1 with a b. p. of 91-97", 0.8408; 1.4084, Literature data (7) 
b. p. 92°, dy" 0.847; ni 1.4068 and 15 g (35% yleld) of enylpentane was also obtained, 


The Instabilfty of $-chlinip-4-anatigh-t-penkiah and the formation from It on heating of 2,2-dimethyltetrahye 
drofuran has already been noted (81, 


2-Methyl-2-phenylpentane, The organomagnes{um compound of 1- hloro-4-methyl-4-phen fipemons 
was prepared; this was cecomposed to form 2-methyl-2-phenylpentane with a b. p. of 61.5°/2.5 mm, * 0.86795 


ni$ 1.4910, Analysts of the Infrared spectrum showed that this hydrocarbon had a quaternaty carbon atom fc the 
alkyl radical, 
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ON SOME ESTERS OF ETHYLVINYL- AND ETHYGLALLYLPHOSPHINIC ACIDS 


Gil’m Kamat and V. 8 Tsiveats 2 
Ktrov Kazaa Chemical-Technologicel Institute - 
(Presented by Academician A, F, /sbuzov, May 28, 1959) 


Investigations of the polymerization of allyl esters of arylphosphonic acids (1) and also of ccrtzin esters Of 
vinylpkosphonic acid (2j have instigated an Increased Interest {n unsaturated organic compounds of phoiphona, 
Eeginning in 1948, one of the authors and his co-workers have carried cut a serics of lavestigations concemed 
with the synthes!s, polymerization, and copolymerization of certzin unsaturated org snopho:phorus compounds (Se 
5). The present work is a continuation of the investigations {a our laboratory is the fleld of the syrthes:s ané 
polymerization of unsaturated esters of phosphorus acids, 


The synthests of esters of ethylviay!phosphinic acid was cartted out fn several The reactions te 
schematically represented as follows 


onua 
4ch,— 


a 


a 


The interaction of ethyldichlorophesphine [6] with ethylene oxide proceeds smoothly In a medium of ab= 
solute ethyl ether with the formation of the acid chloride of 8-chlorocthoxyethylphosphonous scid (8 -chlorcethyle 
ethylchlorophosphine) and, depending oa the number of molecules of ethylene oxide entering {nto the reaction, . 
di-B8 -chlorcethyl ethylphosphonite, The latter fs a coloriess liquid with a weak odor of phosphine, The estes fs . 
stable during distillation; however, it slowly oxidizes {n alr, reacts vigorously with sulfur, and interacts with cupe 


tous chloride with the evolution of a great amount of heat, The latter fact indicates that the phosphorus fs tives 
lem, 


Studying the properties of tris-B -chloroethy! M, 1. Kabachnik and P. A, Ross!iskaya (7) estab 
Ushed that inthe presence of halogen the atoms brought about an internal reatrangement of the ester at elevated 
temperatures with conves.fon of the phosphorus from the trivalent to the pentavalent state. Considering that ese 
ters of alkylphosphonous acids are considerably more reactive than complete phosphites (8), fa our case it would - 
be expected that fsomerization of di-B-chlcroethyl ethylphosphonite to the corresponding ester of ethyi-B-chicroe 
¢thylphosphinie acid would proceed considerably more easily. Indeed, after the ester had been heated tn bofling . 
ethylbenzene (in an atmosphere of nitrogen and with vigorous stirring) for 1 hour, vacuum distillation fatled to 
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TABLE 1 


*C/mm Hg | cale, 


Esters of ethylvinylphosphinie acté 


132—134/6 ,2600]49, 
427/10 


44,60/44,52/17, 00116, 75)19, 


33,65; 
43,85/44, 05117, 11/16, 9619, 70 


— - 


86,5/14 38, 95139, 


94—95/10 


83/10 07/43, 80/19, | 


G$9—100/10 4640) 1 0160) 13, 46/43, 34/19, 26119, 


106/10 |1,4472/0,9716)48, 48,48, 42117, 44)17,S: 


99-—100/10 |1, 4448/0, 9674/48, 45/48, 


. 
. $ 


412/10 11 


Esters of ethylallylphosphinie acid 


415—117/12 17,7417, 


114-142, 5/1011, 4 48,42]17,67]17,6 


98—99/10 9701/48, 31/48, 42/17, 6517, 


46/6 20144, 4/18, 00/17, 20/10, 30/40, 
Poor, |1,451811 0500 : 


TABLE (continued) 


°C/mm Hg foundeate. ound] cate, 


116--£18/10 


129—132/10 9506 


{solate any of the ester of the trivalent phosphorus acid; the latter had been almost completely lsomerized, 


The {nteraction of the Bechloroethyl ester of ethyl-B-chloroethylphosphinfe acid with phorphorus pentse 
chloride {n an 8-fold emount of ethyl ethcr gave the chloride of the corresponding acid, When the latter was 
passed at a temperatvie of 300-320° through a quartz tube packed with calcined barium carbonate, ft readily — 
split out hydiogen chlorite with the formation of ethylvinylphosphiny! chloride. This product’was a colorless, 
mobile liquid with... ~miniscent of phosphoryl chloride, it fumed weakly In afr, decomposed waters, 
and added bromine, 


The esters of ethylvinylphosphinic acid were prepared by the {oteraction of the acid chlodde with the 
appropriate alcohol {n the presence of pyridine {n a medium of absolute ether, These esters were colorless, moe 
bile Hquids, and all of them (with the exception of the B-chloroethyl ester) were miscible with water and had @ 
weak but agreeable frult-Iike odor. The constants of these compounds are presented {a Table 1, 


The esters of ethylallylphosphinic acid were prepared by Arbuzov teaitangement of the a esters 
of ethylphosphonous acid (8, 9) with allyl bromide, 


The reaction was carled out elther in a sealed tube with a mole-peremole component ratio and at a temp= 
etature of 60-80" {cr 4 hours, or directly in a distillation dlask by the dropwise addition of the ethylphosphonous - 
acid ester to a 2-3-{cld excess of allyl bromide, which was heated to {ts bofling point, 


Allthe esters of ethylallylphorphinic acid were colorless, mobile lMquids with a weak, somewhat sharp odog, 
and were readily miscibly with water at ordinary temperatures (with the exception of the fsoamyl ester), The 
constants of these compounds are presented In Table 1, We carried out preliminary experiments on the polymerfe 
zation of these esters of ethylvinyle and ethylallylphosphinic acid... The reaction was carried out {n sealed tubes 
at a tempecature of £0-120°, Eenzoyl peroxide in an amount of 2% of the estes investigated was added as a polye 
merization initiator. Friefly, the results were the following, 


The esters of ethylvinylphosphinic acid polymerized over the course of 20-40 hours to a colorless or slight 
ly yellow gelatinous mass. Some of the polymer samples (of the n-propyl and {sobutyl esters) completely lost 
the property of Mowing. The Be ester polymerizeé over a period of 4 hours to a colorless or ail — 
waxy mass, 

Of the esters of ethytstty dhosphinic acid, the allyl ester readily polymerized, and, over the course of 8 
hours, {t formed a yellow, waxy mass, The remaining esters of ethylallylphosphinic acid became yellow on pro= 
longed heating (over a period of 6 days), but thelr consistency was almost unchanged, 


EXPERIMENTAL 


Di-8-chlorcethyl ester of ethylphosphonous acid (1). 100 mi of absolute ether and 20 g of ethyldichlore= 
phosphine were placed fo a thrce-neck Mask fitted with a thermometer, a reflux condenser, and a mechanical 
stirrer, After the system had been purged with nitrogen, a stream of ethylene oxide was passed through the vigore 
Ously stirred mixture, which was externally cooled; the ethylene oxide was introduced at a rate such that the 
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temperature of the mixture was malatained at from #18 to #30° C, The seaction was considered to be complete 
when the temperature falled to Increase upon removal of the cooling means, The stream of ethylene oxide was 
then replaced by 8 stream of nitrogen, and the ether was distilicd from the seaction mixture, 27 g of (1) was sep= 
atated from the mixture by distilling it twice. ° 


B-Chloroethy! ester of ethyl-B -chloroethylphosphinic acid (IN. 18 g of ia 100 mi of ethylbenzene was 
heated in a Mask fitted with a reflux condenser at a mixture temperature of 138-140"; the reaction mixtwe was 
vigorously stirred, A stream of altrogea was continuously passed into the system, After 1 hour, the refractive 
index of the mixture had changed from 1.4900 to 1.4920, The mixtuse was distilled under vacuum, 13 g of me 
pure ester (11) was obtained, 


Ethyl-B-chloroethylphosphiny! chloride: (IV), A suspension of 24 g of phosphorus pentachlosdde in 150 mi 
of absolute ether.was prepared in a thice-neck Mask. The suspensionvws vigorously stirred, and 25 g of If was 
added from a dropping funnel, The temperature of the mixture was maintained at S-1S°, After the addition had 
been completed, the precipitate disappeared, and the solution became homogeneous, The othes was distilled, 
and the residue was distilled under vacuum, 11g of [V was obtained, 


Ethylviny!phosphiny! chloride (V). 120 g of IV was Introduced dropwise Into a quartz tube, which was 
mounted at a slight angle (20°); the vapors passed through the tubs at a temperature of a and 30 minutes 
was required for the passage of the 120 g. 70 g acid chloride V was obtained, © 


E.hyl ester of ethylvinylphosphinte acid (VI). 12 g of V was added dropwise to a vigorously etre mixture 
of 100 ml of absolute ether, 5 g of absolute ethanol, and 7 g of pyridine, which wes externally cooled, The temp= 
erature of the mixture was maintalred at 12-15°, After complction of the addition, the mixtures was heatedte 
the bolling point of the ethyl ethes; ft was maintained at this temperature for 10-1$ minutes, and thea cooled, 

The precipitated pyridine hydrochloride was filtered, and the precipitate was washed on the filter several mes 
with small portions of ether, The “~ ether was distilled from the fltcate, and distillation of the residue under 
vacuum gave 6 g of VI, 

All of the other esters of ethylvinylphosphiniec acid were prepared by this wth te 
difference that the temperature of the reaction mixture was maintained within the range of from -6 to +S°, This 
change lacreased the yleld from 60 to 80%, 
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REGULARITIES IN THE ISOMERIZ ATION OF THE DOUBLE BONDS 
IN CY CLOHEX ADIENE-1,2- DICARBOXYLIC ACIDS 


V. F. Kucherov and N. Ya. Grigos*eve 
N. D, Zelinskif Institute of Organte Chemisty, Academy of Sciences USSR 
(Presented by Acaccmician B, A, Kazanskit, June 2, 1859) 


It was shown {0 one of our preceding communtcations (1) that the double bond systemin cyclohexadiense 
1,2-dfcarvoxylic acids, which may be obtained by thermal or alkaline cleavage of 3-acetoxycyclohexene=1,2¢ 
dicarboxylic acids, ts capabie of under olng 2 2 specific Isomerization similar to that noted earller by Baeyer (2, 
He established that the unconjugated double bond system ts stable only whea ring fs 
and that It ean ‘somertze during alkaline sapontfication with a shift to and systems, 


Despite the fact that fadividual examples of such double bond shifts have also been noted by other authors (3-8), 
relatively Mttle study has been made of them; such studies as have teen made include the adducts of various 


dienes with acetylene dicarboxylic acid, a J {a one of saad papers has attention been given to the possibility 
of fsomerization of this type (6), 


With the afm of systematically tracing the nature and in double bond tsomertzatton in 
cyclohexadiene-1,2-dicarboxylle acids, we studisd the twansformations of homologs of dihydrophthalic acid wits 
methyl groups at various positions In the ring; these compounds were prepared by condensation of various dienes 
with acetylenedicaiboxylie acid and {ts dimethyl ester, The first compounds to be {nvestigated were the anhye 
éride of 3-methyl-A"" *-cyclohexadiene-1,2- dicarboxylic acid (1) and the diester (1D, both of which we prepared, 
It was found that, as In the case of the unsubstituted al*-diester, sepesinogien of diester (11) with 20% = 
was accompanied by a shift of the double bond from the 4" to the A® position, which led to 3-methyi-a""® 
cyclohexadiene-1,2-dicarboxylle acid (I), The structure of this acid was shown by ozonation with the ri 
tion of methylsuccialc acid, and was confirmed by the u, v. spectrum ( Amax = 283 my; log € = 3.671), 


Alkaline saponification of anhydride (1) also proceeded with a shift of the double bond to the 4° position, ; 
In this case, however, the reaction was accompanied b 7 a more complex redistribution of the double bonds, and 
the major product of the conversion was acid (IV), fe whic 
there fs a different system of unconjugated double bonds, That this new acid had this structure was proved by 
the absence of absorption In the w v spectrum, by the ready addition of two moles of hydrogen during catalytic 
hydrogenation, and by ozonation, It was found chat the system of {solated double bonds in acid (IV) is quite stee 
ble and does not undergo appreciable transformation during refluxing with a base, 
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These data show that In acid, the system of 
double bonds, which {s stable In the presence of an anhydride ring, can tsomerize under the rather vigorous con 
ditions of saponification with a shife of the double bond from By position between the carboxyls to the unsubstituted 
position S°, Simultancously, a shift of the a’. bond to the A’-position can also take places however, @ furthes 
shift of this double bond to the conjugated A®-position, a shift which {s characteristic of cyclohexadlene-1,2-dle 
- carboxylic acid Itself, is hindered by the presence of a methyl group {a the 3-position, 


—COOH 


CH, — CO — Cit, — CH, — CO,H 
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This *inhibiting® effect of a methyl group was confirmed with 4-methyl-A"" *-cyclohexadiene-1,2-dicare 
boxyllc acid (V). It was found that the corresponding anhydride (VI) and diester (VII) when refluxed with 20% 
NaOH gave only the one  tsomerie actd (VID with a A""* distribution of the double bonds; the structure of this 


- 
62° 
7 
a 
G 
CH, —CO —CH—CH, cooH (xy 
e 
763 a? 7 


compound was shown by ozonation and confirmed by the wu v spectrum ( Amay * 295 mps log € © 3,903). We 
were unable to obtain products of a more extensive redistribution of the double bonds ta this case, the season 
apparently being that the methyl group at C, was in the way of a possible shift of the second double bond, 


. Fig. 1. Typical absorption spectra of the compounds studied, 


This same phenomenon was also obtained with 3,4-dimethyl-A!-cyctohexadiene-1,2-dicarboxylie acté 
(1X). As fo both of the cases described above, the A'’*-system of unconjugated double bonds fs stable fa 
érids (X), but vigorous alkaline sapontfication of the corresponding diester (XI) led only to 3,4-dlmethyl-A@% 
acid (XI) (or {ts geometric {somer), the structure of which was proved by ozo= 
nation to B-methylevulinic acid and by the wu v spectrum (Apa, ® 297 my; log € © 3.904), Thus Inthis case, 
alkaline {somerization led only to a shift of one double bond from the At-position to the ensubstituted A°=poste 
tion, and was not accompanted by {somerization of the second double bond at which there was a methyl group, 


TABLE 1°: 
U V Absorption Spectra of Acids 


log< | Compound log 


CH, 
4%_coon trans 


3,008 


| 9,958 


*The uw v spectra of all of the compounds shown fn the table were taken {a ous Iaboree 
tory by T. M, Fadeeva, 


The w wv absorption spectra of all of the acids containing a conjugated system of double bonds and having 
the same type of substitution were in agreement. The Introduction of a new methyl group at a carbon atom of 
the conjugated system shifted the absorption maximum approximately 19 my toward the long-wave regioa 
which {fs analogous to the well-known Woodward rule (7) (sce Table 1), 
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In the process of proving the steucture of our substituted eyclohexadiene-1 ,2edlcarboxylle actds, Interesting 
spectral regularities were observed for derivatives containing a A'** double oond system, As would ba expected, 
the dicarboxylic acids and diesters of this series not having 
TABLE 8 a conjugated system of C # C double bonds did not absorb 

fa the 210-300 my region, However, the corresponding 
DY V Adsorption Spectra of Anhydrides of af*4. anhydrides with the same unconjugated distribution of 
Cyclohexadiene-1,2-dicarboxylle Acids double bonds displayed an anomalous Interse absorptios 
j in this region, All of them had a eters curve 
Anhydride(ia fy ; with two absorption maximums, one ich was 
acetonttrite) distloguished by a high Intenulty, 


--The data presented in Table 2 show that when a 
Noabsorptionin the interval second, tsolated double bond fs introduced {ato the anhye 
215-250 m dride of a A'-cyclohexene=1,2-dicarboxylic acid, the 
character of the absorption changes sharply. The peak 
in the absorption curve of Compound 2, which fs charace 
teristic of conjugation of a C = C double bond with the 
carbonyl groups of the anhydride ring, ts considerably 
shifted in the curve of Compound 3 toward the long wavee 

length regton, and simultancously there emerges a few 
absorption maximum which has a rather high fatensity ia 
all cases, 


The anomalous absorption of anhydrides of AY*4. 
cyclohexadiene-1,2-dicarboxylic acids In the 210-300 
ray region permits the assumption that fn these anhydrides 
there fs an electronic fateraction of the two formally fso- 

_Lated double bonds, for which homoallyife conjugatioa 
(8) ts possible as a result of the presence of the tigidsye> 
tem of the five-membered anhydride ring. 
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VINYLOXYSILANES 


Academictan A. N. 1. F. Lutsonke, 
and V. Aw Brattsey 


M, V. Lomonosov Moscow State University 


Until recently, s{licon-containing vinyl ethers fa which the silicon atom fs directly connected to the ether 
oxygen have tecn unknown, At the Second All-Union Conference on the Chemistry and Practical Applicatioa 
of Organosilicon Compounds 1958, 1, Sa¢ykh=Zade and A, D, Petrov (1) and also N, P, Kharitonov, B, N 
Dotgov, and Yu. I, Khudobla a) presented papers on methods developed by them for the synthesis of compounds 
of this type. ° 


In the method of $. 1, Sadykh-Zade and A, D, Petrov, silicon-containing vinyl ethers are obtained by 14e 
addition of silicon hydrides to a, S-unsaturated aldehydes and ketones {n the presence of H;PtClg. N, P. Kharfe 
tonov, B, N. Dolgov, and Yu. I. Khudobin synthesized these compounds by catalytic dehydsrocondensation of 
alkylstlanes with ketones under the Influence of alkalf metals; those authors consider that the reaction proceeds 
between the P,SIH and the enol form according to the schemes 


RSIH + (OH) R° C(R’) OSIRs 


Only monovinyl ethers are obtained by elther the first or the second method, It fs {npossidle fa ptactpe to 
obtain the simplest vinyloxysilanes, PgSiOCH = CH,, by elther the first of the second method, 


The considerable difference in the bolling points of {sorneric compounds obtained by the two methods : 
merits attention; for example, the bolling point of (GH,),SIOCH = CHCH, Is 49-50°/6 mm (S, 1. Sadykh: Zade 


and A, D, Petrov), while that of SiOQ(CH,) = CH, is 80°/1 mm (N.P. and Te, 
1. Khubodin), 


For the preparation of vinyl ethers of the type under consideration, we made use a the reactionofmercup Ct 
rated aldehyces and ketones with chlorosflanes, ; 


This reactior proceeds {n hydrocarbon or ether mediun only with the complete speeianiy derivatives . 
of aldchydes and ketones, and {t stops at the stage {n which the organomercury salt {s formed; organcstlicon vinyt ; 
ethers are obtained in 70-90% ylelds by this method, The overall equation fos the reaction is 8 at 


(CHACHO)s + (OCH CH,), + CIHgCH CHO, 


where, in the cases studied, Ris Cly-, ACH", ts 1, 2, 3, oF 


The method proposed here permits bonding of from one to four vinyloxy groups to the silicon atom, Vinyle ; 
oxysilanes are readily hydrolyzed, A crimson color momentarily appears when fuchsin-sulfurous acid is added, +f 


Vinyloxysflanes polymerize during storage. The constants, ylelds, and data from the analyses of the cau 
prepared are presented ia Table 1, 


‘Proof of structure of our vinyloxysflanes was obtained through the infrared and ultraviolet spectra of whee 
vinyloxysilane and trlethylisopropenyloxysilane. Absorption bands corresponding to the C # C double bonds were 
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found tn the spectras 1640 cm”! for the first compound and 1650 for the second, Abvorption charace 
teristic of the carvonyl group (280-300 my) was not precent in the spectra. ‘4 


Upon further Invest!gation of the interaction of a-mercurated aldchydes and ketones with chtorosttanea tr ° 
was found that organomercury salts of oxo compounds also enter into the reaction in the presence of pyridine — 


When the reaction fs carrled out by this method with salts of a-mercurated oxo compounds, ft fs not the 


trlethylchlorosilane shat reacts, butitseemplex with pyridine, NGH,) and, asia case of i 
such ae as KI (or KC) [3], the reaction proceeds at the 1- and 4-positionss 


This variant of the reaction permits the we for the synthesis of vinytoxysitanes of the most variegated 

chloromercurlaléchydes and chloromercurfketones, compounds which are much more avallable than the complete 
organomercury deslvatives of aldchydes and ketones, Starting with salts of a-mercurated exo compounds, ft fs 

possible to prepare organos!licon compounds with different numbers of vinyloxy groups. ¥.. synthesized tetrae 
tsopropenyloxysilane by this method, 


The tricthyl{sopropenyloxysilane synthesized by us had constants very close to those of the lsomerfe tife 
ethylpropenyloxysilane prepared by S$. 1. Sadykh-Zade and A, D. Petrov and very considerably different from the 
properties of the compound to which N, P. Kharitonov, B. N, — and Yu. M. Khudobin _— the structure 
of 


EXPERIMENTAL 


1, of trimethylvinyloxysflane. A solution of 11 g (0.1 mole) of fa 20 
ml of isopentane was acded, with stirring, to 32 g (0.11 mole) of mercuribisacetaldehyde {o 70 m! of fsopentane, 
The mixture was refluxed for 2 hours; the precipitate was then filtered and washed twice with fsopentane, ard 


the {sopentane was Cistilled, Distillation of the residue gave 8.4 g (72% of theoretical of trimethylvinyloxysie 
lane with a b. p. of 74-75°, 1.3885; 0.7720, 


ound %e : 69; 51,59; 10,47; 10,48; Si 26,67; 20 
C.H::Si0 calculated to 51,68; 10, Si 26,15" 


2. Preparation of dicthyldivinyloxysilane. <A solution of 15.7 g (0.1 mole) of dlethyldichlorosflane fn 50 : 
ml of absolute ether wes added, with stirring, to 64 g (0.22 mole) of mercuribisacetaldehyde {n 100 ml of abso= ' 
lute ether, The mixture was refluxed for 2 hours, and the precipitate was then filtered and washed twice with : 
ether. 13.6 g of diethyldivinyloxysilane was obtained by distillation; b. p. 70-71°/40 mm, 1.4246; 0.8890, 


Found % : C 55,79; 55,94; H 9,43; 9,60; Si 46,75; 16,37. 
CoHuSiOa- Calculated % C 55,76; H 9,36; Si 16, 


3. Preparation of phenyltrivinyloxysilane. A solution of 10.6 g (0.05 mole) of phenyltrichlorosilans {a 
20 ml of absolute ether was added, with stirsing, to 50 g (0.17 mole) of mercuribisacetaldehyde In 100 mi oe 
absolute ether, The mixture was refluxed for 2 hours, the precipitate was separated, and the filtrate was distilled, 
8.2 g (10% of theoretical) of phenyltrivinyloxysilane was obtained; b. p. 79-80°/2 mm, nig 1.48963 d,° 1.0388, 
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4. Prepatatton of tetravinyloxystlane, A solution of 17 g (0.1 mole) of silicon tetcachtoride in 60 mi of 
luopentane was added, with stirring, to 120 g (0.42) mole of mercuriblaacetaldehyde In 150 ml of Liopentanes 
The reaction mixture was refluxed for 2 hours, the precipitate was removed by filtration, and the solvent was 
distitled under vacuum, There was obtained 14.3 g (72% of theoretical) of tetsavinyloxysilane with ab. p. of 
62-53°/13 mm, 1.4146; 0.9949, 


Found% C 48,21; 47,89; 6,38; 6,19; Si 13,97; 14,08 
Calculated C 48,02; H 6,05; Si 14,03 


Preparation of tetralsopropenyloxysilane, 32 g (0. mole) of pyridine was added to 12S g (0.42 mole) 
of chloromercuriacetone in 250 ml of benzene, and to this mixture was added, wth stircing, a solution of 17g 
(0.1 mole) of silicon teteachloride in 30 ml of benzene, The reaction mixture was refluxed for 1.8 hour, the 
peecipitate was separated, the solvent was distilled, and the residue was distilled under vaccum, There was ob- 
tained 12.5 g (49% of theoretical) of tetratsopropenyloxysilane with a b. p. of 78/5 mms 1.43203 dy? 0.9722, 


Found % : C $4,08; 56,41; 1 7,03; 8,13; $I 14,94; 10,00 
Calculated Cc $6,214; H 7,86; - Si 10, 
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THE SYNTHESIS OF ESTERS OF CARBOXYLIC ACIDS | 
FROM CARBON MONOXIDE, CYCLOOLEFINS, AND ALCOHOLS 


K. Ve Puzitskil, Ya. T. Eidus, K. Ge Ryabdova, 
aod V. Guseve 


N. D, Zelinskif Institute of Organic Chemisty, Academy of Sclences USSR 
(Presented by Academician B, A, Kazanskif, June 3, 1959) 


We have previously reported (1) on a new route for the synthesis of esters of carboxylic acids from carbom 
monoxide, olefins, and alcohols, The synthesis ts cartied out In two stages using concentrated sulfurie acid as 
the catalyst, It was shown® that the major product obtained from normal G-C, a-olefins are alkanofe acids 
having one more carbon atom then the orlginal olefin end containing two methyl radicals fo the molecule fs 
the G-position, The ester of the tsomeric acid containing an ethyl radical In the a-position fs also obtained, 
though fa lower, but all the same significant yleld. Acyl sulfusle acids (mixed anhydrides of sulfurie and 
the carboxylfe acids) are formed from the carton moroxide, olefin, and sulfurle acid in the first stage as {otese 
mediate products, and these acylate the alcohols fia the second stage, 


The present paper briefly presents the experiinental data obtained In an Investigation of the carbomethoxye 
lation and carboethoxylation of cyclopentene and cyclohexene by the method Indicated, 


TABLE 


Sycthesis of Esters of Cycloolefins G-G 
Used, ml CO abscibed Yield of estes 
Expt. of f ab-|% of origi 
No. cycloolefia alcohol | theoret- mi 
ical co 
| clopentene 
nte 
|Cyclohexene dtethyt 
200 20} so | 75,0 | 298 67,2 | 50,6 
4 |Cyclohexene Ethyl : 
300 0} 75,0 218 @,0 45,0 
oe EXPERIMENTAL 


The first stage of the process ~ the interaction of CO, H,SO,, and cycloolefin — was carried out af 20-40 
and an initfal carbon monoxide pressure of 80 atm fn a stainless steel autoclave fitted with a st!srer turning 800 
revolutions per minute and an inlet tube for the cycloolefin, The methyl or ethyl! alcohol was added to the see 
action mixture {n the second stage. The resulting mixture of esters was distilled from a Favorskif flask at 8 
pressure of 3 mm Hg, and was then fractionated fn a column with an efficiency of 90 theoretical plates, From 


_* Report given at The VIII Mendeleev Conference on General and Applied Chemistry (2), 
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the feactlons corresponding to the Individual esters were prepared the anilidcs of the acids, from which the esters 
were identified, The anilides were prepared by reacting the ester with anilincmagnesiumn bromide (3), Mixtures 
of antlides obtained from the methyl and ethyl esters of the same acid melted without depression of the melting 
point, The Initial cyclopentene (b. p. 44-45°/760 mm, dy’ 0.7717, niy 1.4228, bromine number 223.5) was pres 
pared In 60% yleld by hydrogenation of cyclopentadiene In an autoclave at roon) temperature and a pressure of 
80 atm over Rancy nickel (4). The initlal cyclohexene (b. p. 83.2-83.3°/760 mm, dy’ 9.8106, nif 1.4468, 
bromine number 193.5) was synthesized tn about 80% yicld by dehydration of cyclohexanol ia the presence of 


; concentrated sulfuric acid (5), , 
Esters Prepared from G-C, Cycloolefins, Carbon Monoxide, and Methyl o¢ Ethyl Alcohol, 
itlal cyclo- B. po. °C M, p, of 
olefin. Acié . at 760 mm arifids 
Methyl estes * 
Cyclopentene 158,2 0,9859 1,4360 160,38 
163,0 0,9654 1,4364 107 
1-carboxylle 
‘Cyclohexene | Cycloxanccarboxylic 181,1—181,3] 0,9785 1,4438 | 148 
Etkylester 
Cyclopentene] Cyclopentanecarboxyli 174, 0,9583 1,443 160,$ 
176,9—177,2] 0,9393 4,4327 107 
1-carboxylic 


Cyclohexene | Cycloxanecarboxylic 196,0—196,2] 0,9549 1,4413 


Data from the experiments on the syntheses and thelr results are presented {n Tables 1 and 2, A mixture 
of esters which contained adout 40-50% of the methyl and ethyl esters of cyclopentanecarboxylic acid was ob- 
tained from cyclopentane In a yleld of abou: 45-55% based on the CO absorbed and of 20-24% based on the cre 
ginal cyclopentene, The Iterature value for the b, p. of the ester of this acid fs 172-174°/752 mm [6], and the 
melting point of the anilide of the acid fs 160.1-160.2° (7}. 


a 

: : Fig. 1, Distillation curvesof Fig. 2. Distillation curves of esters pree 

esters prepared from cyclopeas pared from cyclohexene, a) Esters of le 

tane. Esters of cyclopentanecare methylcyclopentane-1-carboxylic acids 

boxylic acid: 1) methyl, 2) 1) methyl, 2) ethyl; b) esters of cyclo= 

ethyl, hexanecarboxylic acid: 1) methyl, 2) 
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A nilxture of the methyl and ethyl caters of two actds acid (6v2) 
and cyclotiexanccarboxylic acid (407%) = was obtained from cyclohexene In a yle!ld of 60-67% based on the care. 
* bon monoxide absorbed and of 45-51% based on the original cyclohexene, Literature data for the methys estes 
of acid ares p. 159.5°/721 mm (8), 0.9661, 1.4373, m. p. of the 
. anilide of the acid 105° (9}; the HMterature value for the boiling point of the methyl ester of cyclohexanecarboxye 
Me acid fs 181-182° (10); the Iterature value for the b. p. of the ethyl ester fs 196.5°/760 mm (11), and the Uterae 
ture valve for the anilide of the acid is 145-146° (12), Thus, a skeletal {somerization similar to that which occu ~ 
during the synthesis of esters from a-olefins occurred during the synthesis of esters from cyclchexenes €., 
addition to esters of cyclohexanecarboxylicacid, there were obtained esters of a carboxylic actd ia which the 
carboxylic group was attached to a quaternary carbon atom. 


CH, COOR 


Esters of only a single acid were fsolated from the reaction products of —— dese 1 were Samed 
by direct carboxylation of the without fsomerization, 


-COOR 
QO: CO+ROM Qj 
However, the yleld of esters was 2-3 tlmes lower than usual, and a large part of t the cyclopentene was cone 
vested to high-bolliog products, 
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SYNTHESIS OF HYDROCARBONS OF THE INDANE SERIES 


Academician A. V. Topchiev, N. é, Tsytovich, 
and 8 Popkrovskays 


Institute of Petrochemical Syothes!s, Academy of Sciences USSR 


The majority of the publications devoted to the synthesis of alkylindices describe efther a method based. 
on Grignard synthesis or a complex preparative method based on closure of the five-membered ring with subsse 2 
quent reduction of the resulting Indanone (1, 2,3). In only a few cases has alkylation of the indane been used 

for the Introcuction of alkyl sice chains {nto the aromatic ring [4-7]. In a ownbes of cases, this last method | 
gave completely satisfactory results, and this method has also been used fn the present work for ths — 

of some indanes with substituents the aromatic ring, 


The starting material for these synthesis ~ indare — was prepared by hydrogenation cf indene over a Raney 
nickel catalyst at a pressure Of 120-150 atm at ordinary temperature (8); the resulting Indane had a b. p. of Ei. 
172° at 750 mm, nig 1.5389 and 4° 0.0617, which are {n agreement with the Mterature values (9). During the 
alkylation reaction, the reaction mixture was stirred mechanically and was cooled with Ice water. The reaction 
products were separated fn the usual manner, and the major fraction of these products was distilled 2-3 timcs {a 
a Fensxe-type column having en efficiency of 12 theoretical plates. The location of the side chains was estabe 
shed by mears of ultraviolet absorption spectra, which were obtained In the Laboratory of Petroleum Physics 
and Physical Chemistry ef the Institute of Petrochemical Synthes{s of the Academy of Sclences USSR by M. Ve 
Shishkina; these spectra showed that fn all of the monosubstituted Indanes, the side chain was {fo the S-pos!tion, 


5-Tert-butylindane was prepared by pazsing tsobutylene {nto indane while gradually adding 96% sulfurle 
acid, The starting materials were used {0 the amounts required to give a molar ratio of Indane to fsobutylens 
to sulfuric acid of 2:1:1. The hydrocarbon was obtained In a yield cf wes calculated on the fsobutylene. A 
total of 170 g of indane introduced Into the 


Found % 


89,56; £9,48; H 10,48 
Calculated ® © 158; H 10, 


Mol, wt.s found, 174 and 174; calculated, 174, 5 


The constants of the tert-butylindane, together with those of all of the other sistent prepared, are : 
presented in Table 1, This hydrocarbon has previously been prepared by alkylation of indane with tert-buty’ oe 
chloride in the presence of aluminum chloride, but the characterization of it was totally insufficient, ; 


S-Heptylindane was prepared by the interaction of indane with heptcne and sulfuric acid, the reagents bee : 
ing used in a mo'ar ratio Of 2:1:1. 140 g of indane was introduced {nto the reaction. The heptane was pree 
pared by dehydration of n-hepty! alcohol at 370° over aluminum oxide. A fraction with a b. p. of 95° at 748 
mm, nip 1.4050, and ¢,° 0.7020 was obtained in this experiment, When 96% sulfuric acid wa» used, the yleldof 


the basic heptylindane fraction was 20%; when a more dilute acid (92%) was used, the yield increased to 70% “ 
(based on the heptene), | 
Found 88,77; 88,81; H $4, 

CisHoe. Calculated %C 88,82; H 44,47 


Mol, wt.s found, 214 and 221; calculated, 216, 
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6-Octylindane was prepared from which was synthesized by dehydration of 2-ethythexyt 
alcohol at 370° over aluminum oxide and which had a b. p. of 117-119 at 752 nm, ni} 1.4173, di’ 0.7252, The 
interaction of this hydrocarbon with Indane proceeded under the Influence of 96% sulfuric actd at a molar ratio 
of Indane to octene to sulfuric acid of 23181, 147 g of indane was Introduced Into The yield of 


alkylatioa product was 47% (based on the octane). 
C 83,57; 88, 
Cutty. Cite PA 44 C 83,62; 


Mol. wt.s found, 225 and 226; calculated 230.38, When this reaction was carried out fa the presence of alumie 
aum chloride, the yleld was only 14%, 


The cyclopentylindane and dicyclopentylindane described {a the Hterature was synthesized by Cagntant 
and co-workers (5) from indane and cyclopentene under the Influence of alurninum chloride, We repeated this 
synthesis with the alm of obtaining a more — characterization of these — it was also desired to 


Mol. wt.s found, 247 and 247; calculated, 254.4, 


TABLE 
Properties of Indane Hydrocarbons 
Viscosity, ce centistokes, at 
B. Po indicated temp., °C 
Hydrocattoa’ *cimm $3 
$-Tertlarybut 241 41,5235 3,7] 2,411,8 2}-10 
§-Heptylindane, 283—284/726 |—€0,0,9130) 14,5130) 11,1] 7,8] 4,3]2,9/1,7) —3,8 
Castes 2055—121.5/3, | 
S-Looctylindane, | 297,5/742 |—C0,0,9221] 41,5168] 25,9] 15,3] 6,9/4,312,2] +2 
121—122/2 | 
$-Cyclopentyl- 286,$/742 7,5] 6,8] 
indane, 100—102/2 
Dicyclopentyl- 336—337/736 | —6]1,0066] 1,5567] 68,5} 40,6] 16,2] 8,9] 4,2]—13 
Indane, 179—181/4 
Tric clopentyl- 216—212/3 [4-17]! 1,562, — = 
 Indane, 40") 
279—280,5 — | — | — | 
ACyclopentyl= 443-114/3 


obtain tricyclopentylindane, a compound which has not been described In the Hterature. 100 g of indane was 
reacted with 19 g of cyclopentene (molar ratio of 33 1) in the presence of 10 g of aluminum chloride; the reace 
ton products were twice distilled {n the column, and two fractions were obtained, The yleld of the fraction bolle 
ing at 117-118° at 4 mm was ~40%, 

| Found % : C 90,28; 90,23; H 9,94; 9,87 

Mol, wt.s found, 183 and 183; calculated, 188, - 

The yield of the fraction boiling at 179-181° at S$ mm was ~20%, 


%: C 89,48; 89,46; H 10,57; 10 
Cull. %: C 89,69; H 10,38" 
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It was cstablished by ultraviolet spectroscopy that the ting In the cyclopentylindane was at 
Uie 6-position, 


Tricyclopentylindane was prepared by alkylating with cyclopentene the broad fraction bolting at 113-120° 
at 3 mm sepatated fiom the products of the condensation of indane with cyclopentene; this fraction was a mixture 
of monoe and dicyclopentylindanes. 55 g of the braod fraction, 40 g of cyclopentene, and 10 g of aluminum chlose 
ide were charged to the reaction, which was carried out in cyclohexane solution, A fraction boiling at — 
at 3 mm was separated from the reaction products by vacuum distillation, 


C 89,40; 89, 0,03 


Mol, wt.s found, 309; calculated, 322, 


It ts interesting to note that tricyclopentylindane ts a very viscous Hquid, while its analog with three cyclo» 
hexyl groups = tricyclohexylindane — ts a solid with an m. p. of 116° (7). 


In order to compare the propertics of S-cyclopentylindane with the properties of its fsomer in which the cye 
clopentyl group {s attsched to the five-membered ring, we synthesized l-cyclopentylindane, For this purpose, 
we used a synthesis fn which Indene fs condcnsed with ketones; this synthesis was developed by Thiele (11) for 
the preparation of benzofulvenes, and was used, In a somewhat modified form, by Ruzicka and Peyer (12), This 
reaction, still more modified, was wed by us for the synthesis of certain indane homologs (13). It fs necessary to 
point out that while fn the syathesis of hydrocarbons of the Indane serles with alkyl groups attached to the fivee | 
membered ring, the reaction {a which the corresponding intermedtate diene hydrocarbon fs prepared can be care 
sled out without the use of ether as a solvent; In the cass of cyclopentanone, this reaction proceeds only {n ethes 
solution, 160 g of Indcne was Introduccd {nto the reaction of indene with cyclopentsnone, which was carried ow 
with molar amounts of the starting materfals, The yleld of the Intermediate product was ~24% (based on the 
indene); this product was a broad fraction of diene hydrocarbon boiling at 116-130° at 2.5 mm, and was 8 yellow, 
crystalline material uncer ordinary conditions, 


Found % : C 92,33; 92,23; H 7,745 7,76 
C 92, 9255 H 7, 


The hydzogenation of this hydrocarbon was carried out over Raney nickel catalyst at ordinary temperature 
and an initial hydrogen pressure of 125 atm. 14 g of a — hydrocarbon was obtained by distillation of the 
teaction products, 


nd % 
Caleulst 


Mol. wt.s found, 185 and 187; calculated, 188, 
In addition to the tricyclopentylindane, we B have also prepared for the first time S-heptylindane, §-{sooctyl 
indane, and 1 cyclopentylindane, 
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ON “DEVIATIONS® FROM RAOULT’S LAW 


M. Usanovich 
Institute of Chemical Sciences, Academy of Sciences KazSSR 
(Presented by Academician V. A. Kargin, May 21, 1959) 


In a preceding article (1), we considered *deviations® from Raoult’s law-when the law fs appiiedtothe == * 
vapor pressure of a binary system, the components of which chemically Interact. In the present article, we shall 
consider yet another reason for “deviations® of vapor pressure from Raoult’s law, and we shall also show how these 
reasons are in melting and fn the calculation of molecular welght from cryoscople measure 
ments, 


Let us assume that one of dre components of our binary system {8 a dimer and that the system obeys Raoult® 

law, Let us further assume that fn the construction of the vapor pressure-composition diagram of our system, a8 
is usual fn such cases, we use In the calculation of the mole fractions of 
the associated component A Its formula molecular welght; e., we canny 
out the calculation on the monomer, In this case, the dlagram will have 
the form shown In Fig. 1, This diagram shows *deviatfions® of the vapor 
pressure from Raoult’s law, although fo actuality there are no ceviations 
(as assumed), and the vapor pressure (partial and total) {s not represented © 
by stralght lnes, solely because we used In the calculations an facorrect 
molecular welght for component A, 


In the construction of the diagram (Fig. 1), we assumed that we were 
cealing with a dimer which does not decompose upon dilution with the 
inert component B, In the event that this condition ts not fulfilled bus - 
the dissociation constant of the dimer molecules fs ordinarily small, the 
disgram will differ only in that all of the vapor pressure curves will come 
verge to additive straight lines close to the B coordinate. — 


Let us consider now what form the malting diagram will have for a 
system {5 which chemical interaction occurs and for a system in which 
there is no chemical foteraction but in which there fs an associated come 
ponent. For this purpose, we shall assume, as before, that our systems 
obey Raoult‘s law and that the liquidus curves for the components of our 
systems are described by the Schroecer—Le Chatlier equatioa, 

Fig. 1. Vapor pressure of the We must take into consideration that the composition of the inittal 
binary system A— B; compon- — mixture enters {nto the construction of the diagram and that the temperae 
emt A ts a dimer. ture of initial crystallization of a component depends on {ts mole fraction, 

which changes fromx , as a result of the reaction m A+ OB ® A, Bp, to 
(x-myY/[1 —(m ¢ 1) y), where yeas before [1], is the number of moles of the compound formed pes 
mole of the original mixture, ‘ 


Taxing this change In the mole fractions into account, we consuucted Hquidus curves ad the substance A 
for different interactions with the second component B, 


In Fig. 2, Curve I represents “Ideai® solubility of our component A (interaction fs absent; y = O} in the 
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case In which the compound AB ts formed (there fs Interaction which proceeds to completion), Curve ts 
tained; Curve Ill coresponds to the formation of 


If compound Ad, ts formed, thea as a result of the Interaction, the mole fraction of component A increases _ 
in comparlson to the o.tginal, and the temperature of Initial crystallization (Fig. 3, Curve Il) ties above the “Ideal® 
Curve 1(Fig. 3) from x 1 to x 0.5. Inthe case where component B fs associated (dimerized) but does not ine 
teract with A, Curve Ill of Fig. 3 ts obtained, The latter lies above the “Ideal® Curve I over its entire extent, 
but Curve If intersects Curve I atx * 0.5, Curve Il of Fig. 4 Intersects Curve 
I at this same point (x ® 9.5), which corresponds to the formation of the come 
pound A,B). However, Curve If of Fig. 4 docs not colncide with Curve If of 
Fig. 3, but merely intersecis It at the point x 0.5, From pure componem 
A to this point, the curve corresponding to the formation of compound A,6 ; 
Iles above the curve corresponding to the nent AB,, while after this poing 

_ it Mes below, 


Cestain practical consequences relating to the cryoscopic determninas 
tion of molecular welght follow from a consideration of the curves presemted 
{a Figures 2,3, and4,_—- 


Analysts of the Schrocdcr-Le Chattler equation, In which the equilib= 
tum concentration of component A appeass In place of Its initlal concea= 
tration, shows the following. If component A Is the cryoscopic solvent {a 
which the determination of the molecular welght of 8 Is carried out, and if 
A and B react according to the equation MA + 08 = A, Ba, then the results of 
Pig. 2 the determination of the molecular welght of B uniqucly depend of ona-the 

stoichlomeule coefficient of the equation for the reaction, 


If the seseition forining Amn procceds irreversibly (to completion), then the slope of the tangent to the 
corresponding curve at the point T, fs 1/n times the slope of the tangent to the “Ideal® Curve I at this same 
polar (Figures 2,3, and 4), This {mplies that the eryoscopic determination of the molecular weight of 8 leads to 
velues which are a times the true value, 


Consequently, for a= 1, the correct value of the molecular welght of B must be obtained fn spite of Intere 
actioa of B, the substance tested, with the cryoscopic solvent, A, Actually, fn Fig. 2 all three curves have a come 
moa tangent at the point Ta. Therefore, when the determinatlonof ths freeze 
ing point of A ts carried out at sufficiently low concentsations of 8, we obdtala 
the tue value of the molecular weight, 


In Fig. 3, 1 and If] have a common tangent at he point T,. The 

slope of this tangent 1s equal to half of the slope of the tangent of Curve L 
This means that cryoscopic determination of the molecular welght of B will 
yleld a value which {s twice the true value not only when B actually is a die 
mer (curve III), but also in the case when the monomeric substance 8 forms 
‘a compound having the composition AS, with the cryoscopic solvent A, Thus, 

_ by carrying out measurements In solutions which are very dilute with respect 
to B, it Is possible to determine with which of two cases (B, or AB,) we are 
dealing. For a solution to this problem, It is necessary to continue the meas 
surements to higher concentrations of B, 


In the case of the fonnation of the compounds A,B, and ABs, cryoscople 
determination of the, molecular weight of B yields values which are threes 
times the true value, since Curves II and Ill (Fig. 4) have at the point Tf 


Fig. 2, a common tangent whose slope {s one-third the slope of thetangenttoCurvel, 


N. Sumarokova (2) established similar relationshtps by a consideration of experimental data, 
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We emphasize once more that all of our calculations were catzled out 
with the assumption that the systems under consideration obey the law foridedl =, 
solutions; It was assumed that the activity coefficients of all substances 
participating in the equilibriums considered are 2 at all concentrations, Thus, . 
the “deviations® from the laws of Ideal solutions which we have discussed are 
apparent deviations, since all calculations were carsied out with ths — 
that these laws are obeyed, 
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THE MECHANISM OF THE OSAZONE*FORMATION REACTION 


Academician M. M. Shemyakia, V. I. Maimiad, 
K. M. Ermolaev, and &, M. Bamdéas 


Institute of Blological and Medicinal ss Academy of 
Medical Sciences USSR , 


In spite of a considerable number of Investigations (1-15), the mechanism of the formation of osazones 
from a-hydroxycarbony! compounds remains obscure. All of the hypotheses and fdeas regarding this problem 
which have been published up to the present can be reduced to thiee schemes = A, B, and C, 


We considcred that the question of which of these schemes {s correct can be decided with the ald of N®, 
AS a matter of fact, {f a B-N-hydrazone fs acted on by unlabeled arylhydrazine, then In this case the content 


of N® fn the flual products — osazone and ammonia — will depend on which of these schemes {s followed In osse 
zone formation (in the schemes below, N® = N°), 


oF. 


se 
F, Weygand (3) *NHNH As ArNHN °NHNHAg 


Tanne LT nk ANH 


Indeed, ff Scheme A Is correct, the ammonta should not contain excess N®, which will be found wholly fa 
the osazone, In the event that Scheme B {fs correct, the osazone will be unlabeled, and the ammonia will cone 


‘tain all of the tagged niuogen, Finally, if Scheme C fs correct, the excess N® should be distributed equally bee 
tween the osazone and the ammonia, ‘ 


Unfortunately, a study of the mechanism of osazone formation by mears of tagged atoms fs faced waa 
considcrable difficulty owing to the possible dilution of the labeled group In the osazone of hydrazone througs 
exchange of a labeled (unlabeled) hydrazine group for an unlabeled (labeled) group by hydrolysis os direct ree 

_ Placement. However, these side processes may successfully be eliminated to a considerable extent by forming 
the osazone {n boiling {soamy! alcoho! with simultaneous removal of the water from the sphere of the reaction, 
Under these conditions, dilution of the labeled group in the hydrazone does not initfally attaia any great value 
and does not obscure the mechanism of osazone formation, Therefore, by stopping the reaction after a specifie 
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time Interval (depending on the nature of the sithdinees used), it ts pestbte to Judge with sufficient accuracy 
from the distribution of the tagged atom between the initial and final compounds which of the three proposed 
schemes Is actually followed, 


The tnvestlg ations were catrled out with of fructose, cyclohexanolone, and 
benzoin, Bolling alcoholic solutions of B-N S-hydrazone and of unlabeled p-nitrophenythydrazine (2 moles) were 
combined and then refluxed I 4 stream of — 90 that the scsulting ammonia was immediately removed 


TABLE 2 


N® content 1a atom % 


Expt. Original B-N5-hydrazone | Reaction tlme, fa B-N-atora ofjia B-N-atom of 
(39.6 atom % NS) mia the unreacted [the unreacted 
hydrazone ST hydrazine 


Fructose 35.8 
e 204 
Cyclohexanolone 234 
165 
Beczola 39.0 394 


from the reaction mixture, At the conclusion of the hating period, the separation of the compounds from the 
reaction mixtue and the Isolation of the osazone, hydrazone, and hydrazine were carried out as rapidly as possie 
ble In ordcs to eliminate further change fa the labeling through exchange, Such change was not, however, come 
pletely eliminated; consequently, it was expedient to measure the fsotope composition of the ammonia Instead 
of that of the osazone, 


As may be seen from the data presented Ia Table 1, the evolved ammontfa {nitlally always contained sig- 
alficantty more than half of the tagged nitrogen of the orlginal hydrazone; whence, it follows that {a all of the 
cases favestigated, the process of osazone formation proceeds according to Scheme B®, -It Is Important that there 
was quite good conformity of the contents of tagged nitrogen In the ammonta, the unreacted hydrazone, and the 
unreacted hydrazine® *, which Indicates that osazone formation was not accompanted by any other reactions exe 
cept the exchange between the labeled hydrazone and the unlabeled hydrazine. 


Scheme B Is distinguished from the other two schemes by the fact that the first stage of the reaction pro 
ceeds without the participation of the hydiazine. This provided basts for the hope that the process of osazone 
formation could be separated Into two stages with fsolation of the Intermediate monolmine of a-diketone (1). 

In fact, when benzoin p-nitrophenythydrazone, was used, we noted that during prolonged heating at 60° in glacial 
AcOH fn the absence of a hydrazine, {t gradually disappeared, and then upon subsequent addition cf two moles 

of hydrazine, a precipitate of the osazone rapidly formed. When cyclohexanolone p-phenylhydrazone was heated 
in glacial acetic acid In the presence of 2.2 moles of Ac3O (60°, 1 hour), it was possible to tsolate, along with 


the p-nitroacetanilide (80%), the N-acetyl derivative of the corresponding monoimine of the a-diketone (m. Pe 
63°, from ether; 30 % yield), ; 


Found €2, 


which is direct proof that Scheme B ts cotrect, 


- ©The former concluston [13) that Scheme Cts correct In the case of benzola was fa error. 
© © The contents of N” in the ammonia and the unreacted hydrazone were approximately the same, and the sum 


of the N% in this hydrazone and twice the content of excess N® in the unreacted hydrazine was close to the con 
tent of N® in che original hydrazone, 


88 
0.68 
| | 47, 19 
| | 


A study of the Infrared spectrum showed that the compound frolated had the structure of an eneamine (11). 


ay 


with prnitrophenylhydrazine {t gave the corresponding hydrazone (m, p. 217°, from MeOH), H 


Found %e C 58,35; H_5.67; N49, 
Calculated Cc §8,32; 5,50; 19,44 


and when heated with an excess of this hydrazine {2 1 NHC, AcOH, NH,, and the osazone of cycichexanolons 
were formed, 
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ORIENTATION OF MASSIVE POLYMERIC MATERIALS 


M. M. Gudimov, Academician V. A. Kargia, 
B. V. Petrov, and M. V. Dumaov 


All-Union Sclentifle Research Institute for Aviation Materlals 


Linear polymers in massive form such as blocks, sheets, ete., polymers such as, for example, polymethyf 
methacrylate, polystyrene, ete., frequently have Insuffictent strength and, {n particular, plasticity, and as a cone 
sequence they have an Increased susceptibilftyto concentrated loads and unsatisfactory propertics with respect to 
{mpact tests, These Maws of such materials hamper thelr use in engineering and frequently make thelr applicee 
tion quite {mpossible, 


Ia th{s connection, there has exfsted for a long time a teucency to solve new technical problems, particae 
larly those of mechanical engineering, through the synthesis of all-new polymers and new polymers with the see 
quired properties, 


Moreover, {t has long been known that polymeric fibers and {{ims prepzred by methods leading to orlentae 
tion of the macromolecules have higher strength and of particular {mportance, better plastle characteristics (2° 


1). 


The positive side of this method of polymer modification fs that, without a change fn the chemical come 
position of the polymer or the technology of {ts preparation, {t {2 possible to obtain a new material having the 
desired properties by changing the degree of orlentat'on; {n eddition, special additives may be used to prevent 
extensive cross-linking or to provide other effects, Hence, it ape 
pearcd to be necessary to resolve the question of the expediency 
of orlenting massive polymeric materials and also to develop come 
mercially feasible methods for thelr orfeatation, Bartoe has ree 
ported on the application of orfented potymethyl methacrylate to 
aviation problems without describing the method used for {ts prep 
aration (8), After testing a large number of laboratory methods 
for the preparation of oriented massive polymeric materials, we 
have developed two methods for the production of such orfented 
materials, methods which have excellent prospects; one of these 
methods depends on polyaxfal drawing, while the other fs based 
on pressing. A special machine was developed for the productios 
of oriented polymethyl methacrylate by the drawing method (see 
Fig. 1); such material {s useful, for example, for glassing aircraft 
cabins, 


This machine produces orfemed polymethyl methacrylate 
by ¢rawing it in 12 radial directions, The drawing {s carried ow 
at a temperature at which the material {s in a highly elastic state, 


This machine will produce sheets of polymethyl methacrye 
late having a thickness of 10-15 mm and a diameter of up to 8 
meters, the degree of drawing being of the order of 30% per past. 
The basic element of this machine {s the drawing assembly, whic 
consists of a par of conical gears, one of which acts as a threaded 


ine for the production of orfented organie 
glass: 1) polymer, 2) clamp, 3) drawing - 
assembly, 4) reducer, 5) chain, 


. 
. 
° 
f 
‘ 
| 
. 
. 
‘ 
‘ 
i 
4 
IC of ‘ 
ee 
2 
: 
3 
¢ 


member which, when sotated, gives a forward motion to the screw holding the clamp. There are twelve such 
assemblies distributed around the clrcumference of a stiff frame and connected through sprockets to a chala drives 
this arrangement guarantees simultaneous ualform drawing in twelve dizectlons, One of the twelve assembiles is 
connected to a worm reducer, and acts as the drive for the entire apparatus, 


In addition to the apparatus In which massive polymeric materials are drawn, we also developed a method 
employing compression, Ia this method, orlentation of polymers ts accompttshed by means of presses, This 
method produces sheets of polymethyl wees having dimensions of 750 x 25 mm, which are useful for 

special purposer, Polymethyl methacrylate blocks having a thicke 
ness of $0-80 mm, heated to a temperature such that they are fa 
_a highly elastic state, are placed between the plates of a press and 


a £ aressed to the required degree of compression; they are then cooled 
ep * kg/em*® under pressure. It was found that the required pressure ine 
creases with an increase In the degree of compression, The greater 
4 1008 the dimensions of the {nittal stock, the higher the required spee 
83) = X00 clfle pressure for a corresponding cegree of compression, 
29,0 230  Aspectal lubricant was appiled to the plates of the press, 90 
KHAO 23000 that the organic glass (polymethyl methacrylate) would slide more 
al ‘"eely over the plate surface. In orcer for the polymethyl methe 
@ acrylate to retain Its original transparency, It was necessary to 
er catty out the pressing operation betweea plates made from a highe 
Fig. 2. Dependence of the modulus &, strength, tempered, and polished silicate glass, One measure of 
tensile strength o and elongation ¢,and the degree of orientation of massive polymeric materials at specifie 
specific resilience A, on degrse of ore temperature regimes fs the degree of stretching or compression dee 
fentation, termined from the equation JT; — 1) 100, where ts 


the degree of stretching or compresstoa In per cent, T, ~ ls the one 
ginal ditchness of t's polymes sheet {a mm, Tg — Is the final thickness of the polymer sheet Ia mm, This equse 
lon was developed from an equation expressing the change fa volume before and after stretching or compression, 
Data f{lustrating the physlcomechanical properties of oriented polymethyl methacrylate prepared by stretching 
and by pressing sre show fa Table 1. It follows from these data that at equal degrees of stretching or compression, 


TABLE 1 


Tensile streng Specifle 
durlag elonga- | Elongation | Modulus, 1 resilience, 
tion, kg/sqe kg/sq. cm | kg cm/sq. 
kg/sq. cm cm 
Pressing 192° 20.8 25450 1282 29 
Drawing 763 215 26100 1278 22.8 2.9 


the Indices of the physicomechanical properties of the oriented polymer prepared by the two methods are prace 
tically the same. The degree of stretching or compression depends oa the. ees Kerns of the orlented 
Material, 


Figure 2 shows the dependence of modulus, tensile strength elongation, and on resilience on the degree 
of orientation, It follows from these data that an locrease In the degree of drawing above 50-70% leads to prace 
tically no further improvement In the properties of oriented polymethyl methacrylate, except for the specific ree 
silience, Figure 3 shows the dependence of the physicomechanical properties of oriented (E,., of the order of SO%) 
and uno.lented polymethyl methacrylate on the test temperature. From these data It follows that the indices of 
physicomechantical properties, for example, specific resilience, elongation at break, and others characterizing 
the plasticity of the material, are significantly higher for orlented than for unoriented polymethyl methacrylate 
Over abroad temperature interval from —60° to the temperature at — deorientation begins sie below the 
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softening point), The specific resilience of the orlented polymethyl methacrylate was more than twice as high 
as that of the unoslented polymer over the entire temperature range Iinvestagated, The elongation at break of 
the orlented materlal at temperatures below zero and at ordinary temperatures also slynificantly exceeded that 
of the unorlented polymer, At elevated temperatures close to the glass temperature of polymethy! methaczsylate, 
the difference between the elongations at break of the oriented and unorlented material decreased, . 


The phys!comechanical Indices characterizing the strength and stiffness of the material, for example, the 
tensile strength and modulus, were higher for orlented polymethyl methacrylate than for vnoriented at normal 
temperatures and temperaturcs below zero, but athighes temperatives these Indices for the orlented and unorlented 

polymethyl methacrylate were about on the same level, and that of 


the orfented polymer was even somewhat lower, However, a3 shows. 
pat by experiment, the static strength of, for example, alscraft parts, 
eilhes:.. . Made from the orleated polymethyl methacrylate was twice and more 
T as high as that of parts made from the unorlented polymer, This Isexe 
plained by the high value of the work requized to cause fallure fo 
46 ented organic glass, which, fa turn, {s a consequence of the high ptastie 
ars J clty of this material, its high resistance to bursting, Its low susceptibile 
Nahe {ty to concentrated loads and, of particular Importance, Its abillty to 
withstand considerable deformation without any signs of faflure. Figure 
Sad fas 4 . 4 presents curves showing the dependence of brittle strength and ime 
pact elastic Iimit on temperature. It follows from these data that the 
AY ; appreciable Increase fo brittle strength In conjunction with a small fae 
are crease In Impact elastic mit sharply Increased the temperature Jntege 
over which plastic deformation occurred, The brite temperature 


r . of the orlented polymer at a high cegree of _— was 80-90° lowes 
Fig. 3. Dependence of specifle than that of the unorfented polymet. 

silience A, and elongation at break A very Important and distinctive feature of this materfal was 
¢€, of orfented and unoriented poly Its behavior during Impact testing. During such tests, osfented polye 
inethy] methacrylate on tempera methyl methacrylate underwent local failure over abroad range of 


test temperatures from -€0° up, while the unorlented material undeg - 
simflar conditions underwent total fallure. 


This behavior of the orfented polymethyl methacrylate dusfag 


ha Impact testing, when the matcrfal {s predominantly subjected to 
WI | compression, may be explained by the fact that at high degrees of 
1900 orfentation, t, under compression, in contrast to "he under tension, 
ts shifted dows to -80°, 
| Consideration of results, The possibility of carrying our orlene 
tation processes on linear polymess dependent on a high flexibility 
© BA of the polymer chains. According to contemporary concepts, the exe 
700 tended form of the macromolecule fs the least probable (owing toa 
iN tendency to coll Into a ball as a consequence of thermal motion), 
S00 \ However, owing to limitations imposed by the constancy of the vae 
; lence angles between C-C bonds, the colled ball-Ifke form of the 
00000 molecule {s an {deal form which real molecules never attain, With 
t . the transition of the polymer from a glass to a highly elastic state, 
the thermal effect weakens, to a considerable extent, the forces of 
intermolecular action and thereby facilitates orientational rearrangee 
pact elastic limit on temperatures ment, It was found that not only polymer structure, nature, and dee 
figures on the curves indicate the gree of drawing, but also the temperature-time conditions of the 
degree of orlentation, _. @Gtawing process has a specific effect on the propertics of orlemted 
polymers {n the glass state. Using experimental material on the 


orientation of polymers, a number of investigators have established : 
certain basic rules for this process, which ald in analyzing phenomena associated with orientation of macromolee r 


cules of linear polymers, including such phenomena as strengthening of the polymer. It {s well known that the 
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‘strength of Uneat polymers Is dependent chiefly on forces of Intermolecular coheston as well as on cohesive forces 
of the units of the macromolecules due to the primary chemical valencies, ; 


With an Increase In the degree of orientation of the polymer, in the overall balance of forces providing 
polymer strength, the sole of primary chemical valence forces increzses, and the sole of interparticle cohesive 
forces decreases, This ts connected with the fact that In the orlentation process, the Individual pasts of the chala 
of the macromolecule are stretched out and orlented in the direction of the applied force, increasing the degree — 
of molecular order in the material (as dctermined, for example, by bisefeingence). 


Ahigher degree of molecular order {a polymers leads to a more tapid occurrence of relaxation processesy 
consequences of this ares for example, a slow growth of cracks owing to rapid relief of overloading stress at oo 
ends of the cracks, and also a low susceptibility to high load concentration, 
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DIPOLE MOMENTS AND STRUCTURE OF SOME DERIVATIVES 
OF PERINAPHTHINDENONS 


e 


. Yu. A. Zhdenov, O. A. Oslpov, O. Shelepia, and 
Vv. Aw Kogea 


Rostov-on- Don State University : 
(Presented by Acacemician A. 1, Oparin, May 21, 1959) 


Perinaphthind-none (1) and benzanthrone (TV), {n which the usual ketonfe p:opertics are elther very weake 
ly expressed or are entirely absent (1, 2), form very stsble complex compounds with protonic and aprotonte acids 
(2-4), which Indicates that there fs considerable polarization of the C=O bond, The fistability of perinsphthine 
dene and benzanthrece hydrocarbons {s apparent In thels tendency to ge Into the oxidizedstate, which Isthe stable 
state for them, The possibility of the existence of the perinaphthincenyllum cation, recently obtained by Petits 
[5] In the form of a complex salt, was proposed by Poekelhefde and Hold:mann (6), who made an unsuccessh@ 
attempt to prepare ft, 


folecular orbital calculations of the bond encrgtes of the perinaphthindene system have shown that the 
energetically most favorabie state fs a cationold state with an ensemble of 12 electrons, which gives the syse 
tem an aromatic character (7). 


ii Considering these facts, it Is possible, following Boekelhelde (8), to assume an {ntrafonte character for the 
C~O bond fa carbonyl compounds of the perinaphthindene series with localization of the negative charge on the 
oxygen and distribution of the positive charge over the entire carbon syste. _ 


(Ta) (m1) (Tla) 
The close analogy between the properties of tropone (11) and periInaphthindenone leads one to deduce 8 


perinaphthindenylium oxide structure (1a for the latter compound by analogy to tropylium oxide (Ia) and to 


predict a considerable dipole moment, of the order of 4 D, for the compound, since tropone has a dipole moment ° 
in the range of 4.17-4.30 D(9}. 


In order to resolve this question, we determined the dipole moments of perinaphthindenone and some of 
its derivatives, 


The dipole momem measurements were carried out by the resonance method in conjunctica with the substitue 
tion method, The achievement of resonance in the system was determined with high precision by the beat method 
using a GES indicator tube, The measurements were carried out at a frequency of 5 «10° cps. The solution ia the 
measuring condenser was isolated from the surrounding atmosphere and was maintained at constant temperature 

with a precision of ¢ 0.1° by means of a water Jacket, Refractive indices were determined with an Abbe refractoe 
meter with an attachment for maintaining constant temperature, Densities were determined pycnometrically. - 
The molar polarization at Infinite dilution was calculated by the extrapolation equation of Hedestrand [10 ) for 
perinaphthindenone and its derivatives in benzene and dioxane solutions while for perinaphthindenone fn anisole, 
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an equation proporcd by one of us (13) was used, the results of the dipole moment determinations aie picsenied 
ia Table 3. ° 


It {s apparent from the data presented that the dipole moment of perinaphthindenone is almost Independent 
of the electrophilic nature of the solvent, and in it corresponds to the struce 
ture, 


Two of us have found (4) that the introduction of a bromine atom {nto the 10-poittion of sidinasnaliites 
none decreases its complex-forming activity with respect to weak acidogens as a result of a reduction fn the po 
latity of the C=O bond due to the Induction effect of the bromine, The results of the determination of the die 
pole moments of 10-bromoperinaphthindenone and 3-bromobenzanthrone conftzm thisy Table 2 shows that the 
Introduction of a bromine Into the perinaphthindenone ring decreased the dipole moment Ia dioxane by 0.72 oe 
while s similas substitution in benzanthrone seduced the dipole moment by 1.19 D. 


It would be expected that the Introduction of an addittonal aromatic sing {a the 10,11-positions of the pert 
Haphthindenone molecule would have an effect similar to that of bromine; f.e., the dipole moment of benzan- 


throne should be lower than that of perlnaphthindenons, A comparison of the dipole moments of perinaphthindes 
pone and benzanthrone in benzene and dioxane fs a good Illustration of this, because the fuston of the benzene 


TABLE 1 


Compound 


Pesinaphthindenons 
Same 


Benzanthrone 

Same 
1-Bromobenzanthrone 
3-Hydroxyperinaphthindenons 
Cy 


ring decreased the dipole moment by 0.5-0.6 D, The introduction of a hydroxyl group {nto the 7-position of 
perinaphthindenone makes possible the formation of an intramolecular ring containing a hydrogen bond, thus 
stabilizing the negative charge of the carbonyl oxygen and removing the C=O group from conjugation with 
the main skeleton of the molecule as a consequence ofintra-ringexchange effects through the hydrogen bridge 


(V). It ts evident that In this case we should expect an increase in the es moment over that of perinaphthiee 
denone, and this was confirmed by the me asureme ms, 


In contrast, tropolone has considerably reduced dipole moment as to tropone, Ris probable 
that this occuss because of considerable conjugation of the five-membered ring containing a hydrogen bond with 
the carbon ring, which reduces the overall polarity of the molecule (VI. ° 


The value of the dipole momen: | the CyH,OSbCl, complex, 8.50 D, makes possible the assumption for 
this sr ae of a structure nee a cationold perlnaphthindenylium structure and the transition of the 


| | | 
ge 3 Benzene 3.89 
Dioxans 3.99 
Antsole 3.98 
Penzeos 331 
Dioxane | 329 
Dioxans 2.18 
Dioxane 4.28 
| 


electronic configuration of the antiniony atom to 2 d'sp* state, by anslogy to HSbCl,. The oxygen atom forms 8 
unique bond between the cationold perinaphthindenylium radical and the antimony atom, acting as one of the 
addends of the latter and taking part in the coordination sphere with only one of its valencies, 
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ON THE SYNTHESIS OF MULTICOMPONENT SOLID SOLUTIONS. 
OF TITANIUM 


1. 1. Koratiov 
A. A. Batkov Institute of Metallurgy, Academy of Sciences USSR 
(Presenced by Academician £, 1, Chernyaev, May 15, 1959) 


Metallochemistry (1), 23 one of the offsioots of Inorganic chemistry, Is the study of the Interaction of 
metals with the elements of the peslodie system. Starting with the chemf<al propertics of the elements, it es 
tablishes regularities in the formation of metallic solid solutions and compounds, A characteristic feature of the 
majority of metals fs thelr tencency toward the formation of sol{d solutions with many elements of the perfodie 
system, This ls especially true of metals having an unfilled d-ozbital, that fs, the transition metals, Titaniure 
is one of these metals. As Investigations have shown, it forms sclid solutions with many elements(2), The cone 
ditions which cetermine the formation of sollé solutions are a similarity of chemical of the late 
tices and a small difference fa the atomic radif, 


Titanium forms continuous solid solutions with elements which 3 are analogs of titanium, while with otheg 
elements it forms only limited solid solutions, 


Starting with the metallochemical pzoperties of elements, {a previous pspers we considered the questios: 
of the solubilities cf elements {n titanium (2, 3), and we were able to define the basic types of equilibrium diae 
grams of binary and ternary systems favolving titanium (4,5). 


Since the ruies for the formation of titantum-containing solfd solutions have been established, It fs now. 
possible to pose and to solve the problem of the synthes{s of multlcomponent Utanium solfd solutions having a 
predetermined composition, This problem can be solved for n-component systems, either for the case {n which 
the Interacting elements form continuous solid solutions with titanfum or for the case fa which Imited solid 
lutions are formed. We have previously Cemonztrated the possidility of forming multicomgorcat solfd solutions 
of precetermined composition for the case of nickel solfd solutions [6]. 4-, 6°, 15- and 26-Component nickel 
solid soludons were synthesized fn this work. The preliminary calculations of the n limiting concentrations of 
the selected components In nickel solution were ee confirmed, and all of the alloys synthesized were 
homogeneous nickel solid solutions (6}, 


On the basis of certain theoretical considerations of metallochemistry, we have calculated the compositions 
of S-, 9°, and 10-component titanium solid solutions, The selection of the components and calculation of thelg 
Mmiting concentrations were carried out on the basis of data on the similarities and differences of the chemical 
properties of these elements with respect to titanium and data on their solubilities in titanium (in the case of 
Umited solubility), The compositions of these alloys were calculated for the following systemss 


S component — Ay — Si-- Gr — Fe 
9 component Ti— Al —Sna—Si— V —Nb—Cr— Mo—Cs 
10 component Ti—Zr—Al—Sn — Si — V —Nb— Cr—Mo—Cs 


In Table 1 are presented some properties of the elements entering {nto the composition of these alloys and 
thelr calculated limiting concentrations fn the S-, 9-, and 10-component titanium solid solutions synthesized, 
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In the present work, sulld solutions based on a-solld solutions 
of titanium with a hexagonal lattice were consldcreds these 
were odtained by prolonged annealing, to ensure uniformity, 
and slow cooling of the alloys to room temperature, 


09.8% Ti was used In the preparation of these alloys, while 
the other elements were of ordinary purity, ~ 


Alloys of the compositions presented above, previously 
calculated on the basis of multicomponent a-solld solutions of 
titanium, were prepared by fuston of the componcats In an are 
furnace with an Inert tungsten electrode, In order to ensure that 
the case samples would be homogencous, the samples were ree 
heated three times, The castings were forged to 20-25% come 
pression, and were then given a prolonged annealing under vae 
cuum at 1200-1250° for 10 hours to ensure homogeneity; they 
were then cooled to 600° and givea a prolonged anncaling at 
this temperature for 300 hours, 


The alloys were then cooled to room temperature fa the 
furnace, and were subjected to microstsuctural and x-ray analye 
sls and to microhardness detczminations, The microstructural 
{avestigations of the S-, 9-, and 10-component alloys showed 
that all of these alloys, which were prepared on the basis of the 
calculations Indicated above, were non-equilibrium solld solue 
Uons fa @-titanium, which were characterized by a pecullag 
*woven® microstructe, the product of the decomposition of 
@-solld solution without excess phase (sce Fig. 1), We were 
unable to obtala completely homogencous polyhedra undes 
this annsailng regime, 

The x-ray patterns of the anncaled alloys were ary 
with copper radiation; the patterns of all three alloys contained 
Do (within che Imits of sensitivity of the method) other 
thaa those Incs corsesponding to the hexagonal lattice of solue 
tons in a-titanium, 


lattice periods of the a-solfd solutions, which were 
measured dy a precision method, were the followings 


Nol G@ | Me} Cs 


v 


pore 


Ne | Ce | Me | Co | Al | Se | & 


v 


8,1520,0 | 8,2) 0,4 | 12,3! 4,4 /12,0] 8,8 4,4] 8,4520,0 8,2 | 0,4 |12,3 | 4,4 /12,9 


28,0 22,5 | 0,$41 ~2,0] 3,0 |~0,5 | 1,0 | 2,10}100 | 28,0122,5 | 0,54 2,0| 3,01 0,5 | 1,0 | 2,10 
[2.0] 1.0/4.0] |0.25 1,01 4,0] 0,25 05105 


Al | Sa | & 


Puametesia A 
S-component all 9,704 
3-component allo 4,677 1,508 
10-component alloy 4,691 1,000 


"As may be seen from these data, the hexagonal lattice fs 
tetained as the compositica of the titanium a-solfd solutions is 
increased in complexity, The values of a and ¢ and of the ratio 
c/a increase with an increase in complexity. . 


The hardness of these alloys also increased with an {ne 
crease in the complexity of the system: 354 kg/sq. mm for the 
S-component alloy, 421 kg/sq. mm for the 9-component syse 
tem, and 492 kg/sq. mm for the 10-component alloy, 


Thus, knowing the nature of the interactions of differeae. 
elements with a given metal and knowing the limiting solubille 
ties of these elemeas, it is possible to synthesize solid solutions 


Bement: of Titanium Solid Solutions 


TABLE 1 
Difference in atomic 
tadil, in% 
Limiting solubili 
fa wt, 
Calculated composition 
Of the alloy, wt. 
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Fig. 2 


for which the chemical compositions have been preessigned by means of calculations, The work {nvolved fa 
studying the alloys was done by T. S, Chernova, and the x-ray fovestigations were carried out by A, Ya. Snetkov, 
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THE FORMATION OF DIPHENYLBROMONIUM SALTS 
BY THE DECOMPOSITION OF Colig Ng lg 


Academictan A. Ne Nesmeyanoy and Tolstaye 
M, V. Lomonosov Moscow State University 


In 1929, one of us found (1, 2) that the decomposition of double saltt of benzenediazontum lodide with 
mercurle fodide could take place by either of two main routes cepending on the conditions, 


1) ify + Na -+ 2Cul (under the Influence of metals)s 
2) Hels (unpromoted cecompeosition), 


The first course of the reaction was then extended to the éecomposttion of double salts of other dlazoniurs 


halides with the corresponding mercuric halide, and {t previced a new method for the — of aromatic ore 
ganomercury compounds (2), 


The second course — unpromoted decomposition — led to the formation (in 10% yleld) of the double salt of 
diphenyllodonium fodice with mercuric lodide. Experfinents set up at that time on the unpromoted decomposfe 
tion of double salts of other clazonium halides with the corresponding mercurte halfdcs remained Incomplete 
(the cecomposition, especially {n the case of chlorides, requires a long time), and this method, which had pro 
mised to be a real method for the preparation of diphenylbromonium and diphenylchloronium salts, has remained 
unsealized unt] the present. We are now edie to report that the unpromoted cccomposition at room temperature 
of the double salt of benzenediazonium bromide with mercuric bromide (which requires several months standing) 
procceds in manner complstely anzlogous to that of the corresponding fodice compound, and to the forme 
ation of the double salt of diphenylbromonium bromide with wwercune bromides 


On the basis of our previous work on the synthesis of diphenylbromonium salts, it would appear that this ree 
action proceeds through the preliminary formation of bromobenzene, and this fs actually the main course of the 
reaction, The tromobenzene {s then phenylated through the hydrolysis of a new portion of C,H, N.HgBrg, since 
simflar reaction occurred with CH, N,BF, in our previous experiments (3, 4]. This explains the low yield (2.5%) 
of diphenylbromonium salt. tt {s obvious that the old, hypothetical explanation of the formation of the diphenyle 
foconium salt, given by one of us in reference (1) cited above, must be replaced by the new explanation — the 
primary cecomposition product, focobenzene, is phenylated by means of heterolytic cleavage of the CH, N,Hgh. 


Indeed, when C,H, BF, is decomposed under the usual conditions {n a mixture of acetone and fodobenzene, 
the latter is phenylated and forms (in 7% yield) diphenylfodonium fluoborate. (As we have already — is 
reference (3), this rcaction does not occur in a mecium of pure fodobenzene), 


Double salt of diphenylbromonium bromide with mercurfe bromide from the dfazonium double salt, The 
double salt of benzenediazonium bromide with mercuric bromide was prepared by adding a solution of mercurie 


bromide in hydrobromic acid to a solution of benzenediazonium bromide until anes was complete, .The © 
mM. p. of the salt was about 70° (with decompositioa), 
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Found C 13,75; 13,77; H 4, 1,00 
Calculated C 13,22; H 0,92 
95 g of the ecsulting double salt of benzenedlazontum bromide with mercuric bromide was allowed to dee 

compose unalded at room temperature fn a Mask fitted with a long alr-cooled reflux condenser, Decompositioa 

of the salt was complete after several months (negative test with B-naphthel), The contents of the flask were die 
luted with ether, and the {Insoluble precipitate, a mixture of ((C,H,),8r,Hg Sr, and was filtered ard caree 
fully washed with ether, Steam distillation of the filtrate yielded 23.7 g (87% of theoretical) of bromobdenzene 
with a b. p. of 152-154°, After a second distillation of the material, the b. p. was 153-153.5° (752 mm); a? 
1.6592, The precipitate was reprecipitated with ether from acetone, and 1.07 g (2.5% of theoretical) of he 
double salt of diphenylbromonium bromide with metcustle bromide was obtained, Ths salt was washed with @ 
saturated aqueous solution of NaBr, and was then twice reprecipitated from acetone with ether, It had an me pe 
of 129-130°, and caused no depression of the melting point whea mixcd with a known sample®, which had bees 
obtained by adding a solution of mercurle bromide acid to an aqueous solution of diphenylbromoe 
alum fluoborate, 


It Is possible that the composition of the salt ((C,H,), Br HgBr,, rather than ((C,H,), Br) ts conse 
quence of washing ft with the sodlum bromide solution, which tied up the excess mercurle bromide, 


For (dentificzifon purposes, part of the diphenylbromonium salt {solated from the reaction mixture was 
converted to diphenylbromonium tetraphenylboron with an m. p. of 163.5-165°, We found for 
an m. p. of 164-16S° (3). 


Part of the third reaction product mercurle bromide — was separated from the ether-acetone filtrate afte 

er separation of the bromontum salt, and part remained {a the distillation Mask during the steam distillation, 7 

The overall yleld was 46.2 g (74%). | *: 
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THE INFRARED SPECTRA AND STRUCTURE 
OF ORGANOLITHIUM COMPOUNDS OF THE a SERIES 


A. N. Rodionov, T. V. Talalaeva, D. N. | 
Corresponding Member AN SSSR K. A. Kocheshkogv 


L. Ya. Karpov Physicochemical Scfentifle Research Institute 


Only a small amount of data {s available regarding the structure of zromatic organolithlum compounds, 
In the revicws mentionedin{21), the majority of the authors generally regard these compounds as salt-like, basing 
this conclusion on thelr Insolubilfty hydrocarbons, both aromatic and aliphatic, and on the electrical conduce 
tvity of ether solutions of phenyllithium [2}, Ebullfoscople messurements of the molecular welghts of pheayle 
Uthium and benzyllith{um {n ether Indicate that these orgenolithlum compounds are associated in ether solutios 
(dimers) (2). 


With the afm of clarifying the stzucture of this class of compounds, we obtatned the infrared absorption 
spectra of phenyllithtum, o-tolyllithium, p-tolyllithium, mesityllithium, p-biphenyllithium, p-chlorophenylife 
thium, p-bromophenyllithlum, G@-naphthyllithium, aad Benaphthyllithium, These come 
pounds were prepared by the action of solutions of alkyllithium compounds fn benzene or hexane on sromatic 
Organoantimony compounds or aryl halfdes, A compasison of the spectra of aromatic ee compounds 
obtained by the two methods showed that the compounds were Identical. 


Aromatic orgenolithium ecmpounds are crystalline materials which are insoluble in hexane and benzene, 
Therefore, we were forced to use suspersions of the aromatic Mthium compounds fn vaseline 2nd fluorinated ofts 
in recording the spectra. Moreover, we were able to obtain a weak, but nevertheless sufficiently clear spectrum 
of the vapor of phenyll!thium; an evacuated gas cell, constructed of quartz and fitted with an electric heater and 
rock salt windows, was used for this purpose, Upon comparing the spectra of the compounds Investigated fa the 
present work with the spectra of the corresponding chloro, bromo-, and fododerivatives taken with the same ap 
patatus, and comparing thess spectra with spectra reported in the HMterature (4), we observed the appearance of 
several new bands {n the spectra of the organolithium compounds; these bands were connected In soms manneg 
with C~Li bond (Table 1), Further, on comparing the pects of vapors (11) and crystals (12) of pheayllithium, 
it was found that the low-frequency bands (870 and 970 cm”) disappeared from the spectrum of the phenyllithfe 
um vapors, while the band at about 1045 cm”! remained, and Its relative fatensity increased, 


From the data in Table 1 and also from a comparison of the spectra of the aromatic organolithium come 
pounds with the spectra of aliphatic Mthium compounds previously reported by us (5), it may be concluded that 
the band In the 1045-1060 cm*? region is evidently associated with the free C—Li bond or, in any case, with ons 
which takes part In association to only a slight extent, while the lower frequencies can te assigned to C—Lfi bonds 
involved In association, It should be noted that both the band at about 1050 cm™® and the lower frequencies as 
well are close to the vibration frequencies of the C—Li bond in the spectra of aliphatic organolithiuin compounds, 


Thus, the very presence {n the spectra of aromatic and aliphatic organolithium compounds of frequencies 
characteristic of C-LI group vibrations and also the closeness of these frequencies {s persuasive indication of ths 
covalent nature of the bond in both classes of compounds, Therefore, in our opinion, the statements Ja the Itesae 
ture regarding the fonic character of the C~L{ bond in aromatic organolithium compounds are incorrect, 


Let us consider the data of Table 1 {n greater detail. In addition to the intense band at about 1045 cm, 
which we have assigned to the free CLI bond, the spectra of crystalline phenyllithium also contained intense 
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bands with frequencies of 875 cin”! and 970 cm" these are apparently characteristic vibrational frequencies of 
C=LI groups taking part in the formation of Ithium bonds. In a study of aliphatic organolithium compounds, we 
established that the major causes of the formation of complexes of organolithium compounds are the formatios 


TABLE 1 
Expt. 
No. Compound Frequency {a em 
i Phenyllithium 878 8 970 8. - 1043 8 
3 878 8 068 av. . 1048 8, 
3 peTolyllithtum 880 v. We 958 w. 993 8, 
4. Biphenyl 878 v. We 970 we 930 8, 1045 
§ 965 8. 088 v. 8 
8 p-Brephenyllithium- 883 we av. 988 1045 av. 
7 pel-phenyllithium 970 w. 998 av. 1045 s, 
Mesityllithium 878 w. 968 w. 983 w. 1052 av. 
9 @-Naphthyllithtum 879 v. We 943 8, - 1059 av. 
10 6-Naphthyllithium 880 v. we 943 8, - 1954 av. 
11 Phenyllithium (vapor) - - - 1045 av. 
12 Phenyllithium (eryst) - 875 8. 970 8, 1043 8, 


of intermolecular Uthlum bonds and the Interaction of dipoles, Moreover, the stability of such complexes de 
pends to a significant extent on t*s three-dimensional structure of the molecules (sterile factor), It ts now of fae 

- terest to trace this dependence Into the field of organollthium compounds, In the present work, we Investigated 
the effect on the strength of the Ithium bond of not only the purcly steric factor, but also the effect of a change 
fn the overall polarity of the molecule by introducing other polar groups or atoms Into the organfe portion of the 
molecule, 


It fs well knowa that during assocfation of any type, polar groups come Into play flsst, Interacting among 
themselves with the Iberation of energy. The hydrocarbon radicals can interfere with complex formation, the 
extent of the Interference depending on the relative location ofthe 
varlous parts of the molecule (*screening"). The screening effect 
of the remainder of the molecule apart from the lithium appears fa 
the difficulty with which the molecules approach and become orl 
ented for the formation of the lithium bond and also In a decrease 
in the Interaction between dipoles, As a matter of fact, upon come 
paring the spectra of phenyllithium, p-tolyllithium, o-tulylilthium, 
biphenyllithium, and mesityllithium, it was found that the extent 
and type of association of these compounds differed, Thus, intense 
bands assocfated with both free and associated C-Li bonds were pree 
sent fn the spectra of phenyllithium and o-tolyllithium, and the free 
quencies of these bands were In close agreement (except for one new 
band In the spectrum of o-tolyllithium at about 990 em, which 
was generally absent from the spectrum of phenyllithium), A come 
parison of the spectra of these two substances showed that the methyl 
group In the ortho position had little effect on the degree and nature 
of the association, This can be explained on the basis that the CHy 
_ group only insignificantly increases the negative charge on the carbon atom of the C-Li bond, and, consequent> © 

ly, ft has little effect on the strength of the lithium bond, Moreover, this effect is weakened by the screening 
effect of the methyl group, which Is lor ated next to the C—Li bond, This same methyl group In the para posie 

: tion (spectrum of p-tolyllithium) changed the spectrum much more significantly, Thus, the band at about 1045 
cm? was not present in the spectzum of p-tolyllithium, while the band at aboyt 990 cm™, which was already 
Present a the spectrum of o-tolyllithium, became more Intense (Fig. 1). The complication introduced by anoae 
polar substituent in the para position tncreases uniformly with the length of the hydrocarbon radical, which leads * 


Fig. 1. Infrared absorption spectra of 
aromatic organolithium compounds: 
1) p-tolyllithium, 2) o-tolyllithium, 
3) mesityllithium, NaC prism. 
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to a decrease in the degree of association (as we have already shown for aliphatle organollthtuin compounds}e 
Indced, although there in the spectsuin of p-biphenyl lithium a rathes Intense band at about 980 cm” the 
most intense band ls one In the tegion of 1945 cm*!, which Indicates a decrease in the degree of association, ale 
though the polarity of this molecule ts almost unchanged as compared to the polarity of the othes compounds we 
have been considering. : 


Finally, the effect of screening ts most clearly seen In the spectrum of mesttyllithtum, In fs case, the 
symmetrically disposed methyl groups strongly Inhibit assofcation, and, therefore, the spectrum 
shows only the more of less intense band of the free C—L{ bond at about 1052 em™, 


Let us now consider separately the spectra of p-chlorophenyllithiun, p-bromophenyliithtum, and p-fodoe 
phenyllithium (Fig. 2). In contrast to the compounds considered above, each of these three compounds contains 
two dipoles, C=L{ and C-Hal, which, being located para to each other with opposing charges, are cumulative 
and thereby Increase the overall polarity of the molecules, It {s evident that this must lead to an Increase fo te 

dipole interaction between molecules, Upon comparing the 
spectra of these three compounds, we found that p-chloroe 
phenyllithium was the rnost strongly and completely associse 
ted, its spectrum showing no absorption fn the region of free 
C~L group vibration, When the chlorine was replaced by 
bromine and, further, by lodine, the bands at about 970 and 
920 which we have assigned to assoclated bonds, 
pes phon and the Intensity of the band fo the region of 1045 
“Vincieased. This fs apparently due to a drop In the elece 
of the halogen atoms {a the order > Be >8 
: , and to some decrease {n the dipole moments of the bonds fs 
ka the order > C-Br > which leads to decrease Is 
neta the effect of the second dipole on the strength of the bond 
Fig. 2. Infrared spectra of aromatic Involved fn the assocfation, Moreover, the increase in the 
thium compounds: 1).p-chlorophenyllithium, dimensions of the halogen atoms, which causcs additional 
2) p-bromophenyllithium, 3) steric hindrance, must also weaken the association, It must 
thium. NaCl prism. be noted that the total dipole inoments of these molecules 
(calculated taking the rnoment of the C-L{ tond as 1.2 D, 
and the moments of the C-C1, C~3r, and C~I bonds as 
1.55 D, 1.52 D, and 1.30 D, respectively), although they cecrease with replacement of chlotine by bromine ané 
fodine, are still greater (2.5 D) than the dipole moments of such molecules as phenyllithtum, p-tolyllithium, 

_ ete. In spite of this, the spectra show that the strongly polar molecule p-fodophenyllithium {s almost unassoclated 
through lithium boring, while the slightly polar molecule p-tolyllithium {s completely assocfated, Hence, it 
must be concluded that the formation of complexes of orgznolithium compounds and the stability of these come 

_ plexes {s affected by the presence of a second dipole {a the molecule, but this efiect is not determining, as may 
be scen from the example presented above. 


The spectra of a- and B-naphthyll{thium differ from the spectra of the ones organolithium compounds 
considered above. In the spectra of these two compounds, the band at about 943 cm™® fs the most fntense, while 
the intensity of the band at 1050 cm”! fs of low intensity, This 1s evidently connected with the fact that a- and 
B-naphthyllithium fn the crystalline state are associated, 
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ON SOME REGULARITIES IN THE POLYMERIZATION OF PROPYLENE 
WITH A TICl,g AIR, CATALYST SYSTEM 


Academictaa A. V. Topchiev, 8 A. Krentsel®, and Le G. Sidorove 


Various points of view regarding the mechanism and regularities of stercospecifie polymerization of 
a-olefins have appeared fo the Iterature (1-4}, 


Nevertheless, there are many Interesting questions regarding the characteristics of stereospecifle polymere 
{zation, In this connection, {t appeared to be of Interest to direct attention to some observations made by the 
present authors during an experimental study of the polymerization of propylene with a catalyst system composed 


vious paper 


The available experlmental data provide a basfs for the assumption that an eine reaction takes place 
, between the TIC, and the metal alkyl resulting {0 the formation of an organotitanium compound (6). Owing to 
its {nstabillty, the latter decomposes the the formation of free radicals, This Initfates the polymerization reace 


ton, for exarnple, the polymerization of styrene (7). Strictly speaking, the organotitantum compound {s the catse 
lyst {n such a c2se, and the metal alkyl! serves mercly as a radicel PIECUOfe 


The polymerization cf propylene {s a chain reaction, % was found that only 17 seconds after tnittatton of 
the reaction, high molecutar-welght polymer fs formed, 2s may be scen from Fig. 1, and the molecular welght 
remained practically unchanged over a prolonged period (1.8 


hours), Thus, the polymer molecule rapidly grows to a a 
size which does not furthes increase. 


A continuous decrease {n catalyst activity with time was 
Cs experlmentally cbserved for complex catalysts of the Ziegles 
| @ type (Fig. 2). It is possible that the drop fo activity fs connece 
ted with a decrease In the amount of organotitanium compound 
wo i Ja 4a Hlgsee formed with a depression in the alkylation of the titanium chloe 
Fig. 1. Change fa the Intrinsic viscosity ein 


of polypropylene with polymerization time, During polymerization, the rate of absorption of propylene 


also decreases correspondingly with the decrease In catalytic ace 
tivity of the complex. In all cases, the propylene absorption curve was obtained under conditions such that the 
TIC, + Al({so-C,Hy), catalyst system was formed within a brief time Interval, one minute, for example, In this . 
method, the catalyst components practically Instantaneously form a highly active catalyst complex, but its actie 
|vity tapidly decreases with tirne. The picture was completely different when a change was Introduced Into the — 
method of catalyst formation. If the TiC), was first charged to the reactor and the trlalkylalumtnum then slowly 
|and uniformly adéed ever a period of, for example, three hours, high catalyst activity was maintalced for a pro- 
longed period of time, and the yield of polymer was significantly increased, 


In accordance with a proposal by Nenitzescu relative to a radical mechanism for the nail thts 


fact can be explained as follows. In the first method of forming the catalyst, {. e., by the rapid addition of the 
entire calculated amount of trialkylaluminum to the TIC, the formation of a large amount of organotitanture 
compound and its decomposition with the formation of a large number of radicals occur simultaneously, Since 


of TICl, and The experiments were carried out fa an apparatus similar to that described in a pree 
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the seactlon Is undoubtedly diffusion Mmlted, the majority of the radicals are destroyed by eccombination, 


When the trlalkylaluminum ls added gradually, a low concentration of radicals ls present at any givea ine 
stants therefore, thele recombination fs difficult. Consequently, catalyst activity 1s constant, and the yleld of 
polymer lacreases with an Increase fa the time of additoaof the telalkyl- 
aluminum, 


Polymerization processes Initlated by Ziegler catalysts are very 
sensitive to various types of impurities particularly oxygen, which may _ 
be prescnt {a the monomer, Therefore, Investigators working with Ziege 
leg catalysts have exerted inaximum efforts to ensure that the mnonomer 
is completely {ree from even traces of oxygen, However, Fig. 3, shows 


that the polymer yield fs a maximum when the oxygen content of the 
8 propylene used in the polymerization Is of the order of 0.03 vol, 
: When the oxygen content was lower of higher than this value, the yield 
Figs of polypropylene decreased, and whea the oxygen content of the mono= 
mee was very high, the catalyst was completely polsoned, This ts ta 
e 


agreement with the data of Breslow on the polymerization of ethylene 
(8). It ts possible that In the presence of oxygen, this catalyst system 


_ behaves as a “redox® system. This docs not exclude the possibility that the Interaction of oxygen with Alf, forme 


alkoxy compounds, which are also active for the practical polymerization of a-olefins, 


The effect of reaction temperature on the molecular welght of the polymer was studicd at optimum oxyges 
content of the propylene (Fig. 4). As would be expected, the molecular weight of the polymes decreased with aa 
Increase In the reaction temperature from 30 to 80°, 


From all appearances, stercospecifle polymerization can take ee with any of the known Initfatton meche 
anisms. It fs possible to imagine the occurrence of stereospecific polymerization by elther aa fonic or a radical 
mechanism, Stercospecificity of the process fs determined by the conditions under which the catalysts fs carried 
out, such as the presence of a solid surface, the effect of highly polar groups, low temperature, etc. ~1.e., under 
conditions such that there fs preliminary orfentation of the monomer {a space, and free. rotation of the resulting 
polymer molecule ts limited for the same reasons, 


Stereospecifie polymerization was discovered during the use of complex catalysts {a which the solld phase 
was formed by TiCl,, Depending on the method by which the latter fs obtained, the hcmogenelty of the catalyst 
surface vaties in degree, and, in accordance with this, catalysts of varylaz degree of specifictty are formed, For 
example, TIC prepared by reduction of TiC, vapors with hydrogen st ~300° has a very homogeneous surface, 
Whea such a TIC); fs used 23 a component of a catalyst for the polymerization of propylene, up to 95% lsotactic 
polypropylene {s obtained (9). If this same TIC), solid phase 1s formed by reduction of TIC, with a trlalkylalue 
minum, 23 occurs in a Ziegler catalyst, regulacity of the TiC), crystal lattice fs not obtained, since reductioa 
under these conditions proceeds not only to TICly, but also to TICs and even to metallic titanium, In accordance 
with this, the stereospecificity of the Catalyst Is low (the content of fsotactic {s approxte 
mately 50%). 


Thus, the degree of specificity 1a this class of catalysts {s appareatty determined only by the degree of ore 
der of the catalyst surface. Therefore, {t seems to us that It does not follow that there Is a connection betweea 
the stereospecificity of the process and the nature of the active centers on the surface, as Natta has reported (10), 
We also note that, according to recent reports, it {s possible to obtain syndiotactic stereoregul ar polymers using 
ordinary radical polymerization {aitiators 1a a homogeneous medium {12}. 


It seems to us that a radical mechanism for a with Ziegler eatalysa cannot be excluded, as 
was first pointed out by Nenitzescu (4). ° 


Titanium trichloride fs insoluble {a hydrocarbons and forms *sandwich® type crystals; f.e., the titantum fos 
les in one plane between two layers of chlorine fons, and it can be found on the surface only at sites where the 
crystal lattice has been disturbed, Consequently, such a surface fs strongly electronegative owing to the octets of 


the chlorine fons and electrons of the partially reduced titanium, and {n an inert solvent the surface ts a pseudoe 
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All of the lower alumi{nura alkyls are dimers (the courdination - 
number of aluminum fs four). With an increase fn the size of the 
tadical, steric factors decrease the stability of the dimers, Al(tsoe 
C,H,y), a monomer, Trialkylaluminum dimen have a weak 
electron bond; therefore, in the presence of the strongly electronegee 
tive TICs surface, they dissociate and are adsorbed on the surfaces 


R 
Fig. 3. Effect of oxygen on yield of Nn \n7 
polypropylene during the polymertzae | 
ulon of propylens with The adsorbed enters into aa exchange reace 
with the TiCigs 


“Ns 


& 


Fig. 4. Etfect of reactos 
temperature on the Inteinsie 
viscosity of polypropylene. 


The resulting organotitanium compound ¢ecompeses with the formation of a radical, which fs adborbed om | 
the surfaces 


Polymerization thea takes places 


Owing to the presence of a solid surface {a che polymerization zone, of all of the possible directions of ape ° 
proach of the monomer to the ective centers, one will be the most favored (an unusual potential trough), and 
polymer chain growth will most probably t2ke place in this direction, On the other hand, the presence of the 
surface prevents the adsorbed molecule from changing {ts configuration, which leads to a regular structure, Inase 
much as the surface of a Ziegler catalyst {s nonhomogeneous (there are vacant sites due to the absence of Ci), 
this catalyst should not be highly stereospecific ia propylene polymerization, as {s actually the case, 
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VULCANIZING ACTION OF DERIVATIVES OF 2-MERCAPTOBENZOTHIAZOLE 


M. S. Fel'dshteta, 1. Eitiagon, and B. A. Dogadkia 
Scientific Research Institute of the Tire Industry 
(Presented by Acadcmniclan A, A, Balandia, May 26, 1959) 


The widespread application In Industry of new types of synthetic rubber has required the creation of various 
different vulcanizing systems having specific actions, The scatch for such vulcan{zation systems and fa particular, 
vulcanization accelerators having the desfred properties has been made difficult to some extent by the fact that, 
up to the present ume, the question of the effect of the chemical structure of accelerators on thelz vulcanization 
activity has not teen answered, In this connection, the obtaining of experimental data which would uncover the 
connection between the chemical structure and the action of vilcanization accelerators {s of real theoretical and 
practical interest, 


The object of the work described tn the present communtcation was the fovestigetion of the vulcanizing 
action of a serics of sulfernamide derivatives of different chemical structures; these 
Cerlvatives had the general formula 


an’ 
Y 


where Rand R, are alkyl, aryl, azine, and other radicals, 
We Investigated the following compoundss 


. 
Ci, CH, : 
i 
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CH CH 


; | The vulcantzation activity of these compounds was evaluated from thelr action on unrelnforced mixtures 

of butadicne = styrene rubbce using kinetic data on the addition of sulfur and the degree of corss-linking — maxie 
mum swell = at a vulcanization — of 143°, The compounds Investigated (as vulcanization accelerators) 
were Introduced In equimolar arnounts with respect to 1.0 
weight part of N, N-dlethyl-2-benzothfazolesulfenamide 
(sulfenamide BT), which ts widely used at the present 
time as a0 Industelal sulsenamide accelerator. 


It was previously established (1, 2) that the kinetics 
of cubber vulcanization fn the presence of sulfenamids 
deitvetives of 2-mercaptobdenzothlazole are characterized 
by the presence of aninduction period, The experimental 
data reported below Indicate that the duration of the Ine 
duction period tn vulcanization fs determined to a consfe 
derable extent by the type of radicals fn the amfaoo group, 


(Syoung/Stor? "200 


The data presemed {a Fig. 1 show that whea N-ozge 
diethylene-2-benzothlazolesulfenamide was used (Curve 
3), the induction period of the vulcanization was longes 
than when N-cyclohexyl- and N,N-dlethyl-2-benzothiae 
Fie. 1. The effect of wstitiiinidine aii zolesulfenamide (Curves 1 and 2) were used, A considere 
the addition of sulfur during the vulcanization observed when N-cyclohexyl-2-benzothlazolesulfenamide 
of unreinforced mixtures of butadiene styrene (have 
rubber (SKS-30.4); a) N,N-dlethyl-2-benzothi- zolesulfenamide (Curve 4). Curtailment of the vulcanie 
azolesulfenamide, 2) N-cyclohexyl-2-benzothia- sation activity also tock place when the cyclohexyl radio 
zolesulfenamide, 3) ~N-oxydiethylene-2-benzo= wan TE 
thiazolesulfenamide, 4) N,N-dicyclohexyl-3- Thus, the data presented above show that by the 
benzothiazolesulfenamide, introduction of radicals of different structures into the 

amino group of benzothfazolesulfenamides possible 
to obtain accelerators differing considerably from each other with respect to thelr vulcanization activity and, is 
Particular, with respect to the length of the vulcanization induction period caused by the accelerator, 


is 


of — interest ls the hypothesls, established by us, that with a change from,sulfenamide compounds , - 


with thele = group to compounds containing an group, there a sharp acceleration of yulcane 


Izationin its foltlal stage. As may be seen from Fig. 2, the vulcanization tate fn the presence of diethylamtno 
was considerably higher that when N,N-diethyl-3e 


benzothlazolesulfenamide, ont ne wasused, A similar picutre is observed upon comparing the 
8 Gn 


sesults obtained with in with thoss 
4 CH, — CH, j 


obtained when the conesponding aminomethyl derivative, was wed, 


The data presented {n Fig. 2 relative to maximum swell show that cross-linking occurs at an earlier stage 
{n the vulcanization process {n the presence of aminomethyl] derivatives of 2-mercaptobenzothlazole than fa the 
presence of sulfenamid¢e compounds, Thus, for example, a mixture containing N,N-dlethyl-2-benzothfazolesivle 
fenamlde at a vulcanization accelerator after being heated foe 
10 minutes at a vulcanization temperature of 143° swelled fae 
dcfinitely In xylene, while the use of dlethylaminomethyl-Ze 
thiobenzothfazole with a S-minute vulcanization time led to 
the formation of a cross-linked vulcanizate, 


TABLE 1 


Exchange Between S*-Labeled Di-2-bene 
zothfazyl Disulfide and Diethylaminomee 
thyl-2-thfobenzothfazole (A) and N-Cye 
clohexyl-2-benzothiazolcsulfenamide (B), So 


Temperature, °C 

| | | 
time, hours 

2s 18 2 3 3 


tion accelerg* 


sor 


Vulcaniza° 


13,7] 96 98 | in | 
0} ~0] 96 | 100 


Vulcanizations ime 


The increased vulcanization activity of aminomethyi 
derivatives of 2-mercaptobenzothlazole fs connected with the 
gicater ease of decomposition of these cerivatives into free radie 
cals, as indicated by the data [3) on Isotope exchange of amie 
nomethyl and sulfenamide compounds with Jabeled 
benzothlazyl disulfide (Table 1), The exchange of benzothiae 

zole radicals between 
and di-2-benzothiazyl disulfide procecded at a lower 
thiazolesulfenamide, ture than did exchange In the system N-cyclohexyl-2-benzee 


Fig. 2. The vulcanization activity of 
sulfenamide and am{nomethyl derivatives 
of 2-mercaptobenzothiazole (in unreia- 
forced mixtures of SKS-30A). 3) N,Ne 
diethyl-2-benzothlazolesulfenamide, 2) 


| 

5 | 


jf 


Tm ——e 


Fig. 3. The action of N,N-diethyl-2-benzo- 
thiazolesulfenamide (1) and N-oxydlethylenee 
2-benzothlazolesulfenamlide (2) in SKS-30AM 
tread recipes containing HAF black. A) kines 
tics of sulfur addition at a vulcanization teme 
perature of 143°; B) dynamics of the change! {a 
Mooney plasticity at 118°. 


thlazoicsulfenamnide dl-2-benzothlazyt dlsulfide, 


The possibility of controlling vulcantzation dynamics 
through the use of appropriate accelerators Ls technically 
important, 

tecent years, highly furnace blacks have 
found widespread application In industry, and the presence 
of these blacks In subber recipes Increases the vulcanizas 
tlon rate and the danger of preinature vulcanization (scorch), 
The uss of such recipes of accelerators with a slow actios 
in the initlal stage of the process and an Increased Intensle 
ty In subsequent stages makes It possible to obtain the teche 
nical optimum of vulcanization and, stmultancously, to 
eliminate premature vulcanization without an Increase fa 
vulcanization time. From this point of view, N-oxydiethyte 
ene-2-benzothlazolesulfenamide accelerator has an uae 
doubted advantage over N,N-diethyl-2-benzothfazolesule 
fenamide with respect both to kinetics of sulfur additioa 
(Fig. 3A) and dynamics of the change.in plasticity at 
tempetature of 115° (Fig. 3 8). These vulcanization kinge 
tics also have a favorable effect on the strength of laminas 
ted rubber products (4) and the resistance of yulcanizates 
to repeated deformation (1}, 
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PEPTIDE SYNTHESIS WITH AMINOACYL DERIVATIVES OF NUCLEOSIDES 


Z. Aw Shabarova, N. Sokolovsa, and M. Aw Prokof*ey 
M, V. Lomonosov Moscow State University 
(Presented by Academician A, N, Nesmeyanov, May 22, 1959) 


In spite of thelr Important role the blosynthests of albumin (1), compounds of nucleotides and ribonuclele 
acid (RNA) with amino acids have been studied only fo the case of aminoacyladenylates(2), There fs 10 Informe 
atlon on other types of amino acid derivatives of nucleotides and RNA, the structure of which has been determined, 


In the present work, several O- and N-am{noacyl derivatives of nucleosides were syuthesized and studleds 
these compounds can be considered as models of amino acid derivatives of nucleotides and RNA which are formed 
as Intermediate products {n the biosynthesis of albumin, Primarily, we attempied to determine the ability ofsuck 
compounds to enter {nto peptide synthesls, f. €., thelr ability to aminoacylate free amino g:oups of amino acids 
or peptides, Two types of aminoacylnucleosices were studied: O-carbobenzoxyphenylatanine® desivatives of 
accnosine (Type 1) and NG-am{noacy! derivatives of cytidioe (Tyge I). 


The compounds of Type I were prepared by aminoacylation of free adenosine of 2° 3° -tsopropylidenadeae 
osine with cbz-plenylalauine fn the presence of dicyclohexylearbodiimide (pyridine; 20°), It should be nord 
that under these cunditions, only two of the hydzoxyl groups In adenosine were acylated, and 2°(2),8°-di-O-cbze 
phenylalanylacenosine (1a) wes apparently formed, When 2°:3°fsopropylidenadenosine was acylated, its $°-cbse 
phenylalanyl cerlvative was formed, The compounds of Type I were also prepared by the carbodiimide method 
from cytidine and cbz-amino acids using a method described previously (3). 


The study of the am{noacylating abillty of the O- and N-aminoacylaucleosides synthesized (Types 3 and 
Il) was carried out under conditions close to natural conditions: {nm the presence of an enzyme (chymotrypsin)® ®, 
at room temperature, and at a pH of 8 (phosphate buffer solution), It was found that under these conditions, bots 
O-(T)- and N-(IN)-aminoacylnucleosides readily react with the free amino group of glycine with the fonnatien 
of a new peptide bond, (Sce Scheme 2), 


A = —CH — NH — +4 = XwH 
Ib As + (CHC; As = CO— CH —NH—ebs 


In Table 1 {s presented a list of the peptides which were formed by the action of O- and N-aminoacyie 
nucleosides on the ethyl ester of glycine, 


© Carbobenzoxy will hereafter be indicated by ebz, 


°° It {s well known that chymotrypsin fs an enzyme which not only hydrolyzes the peptide bond, but also oye 
sizes it 
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TABLE 1 
Enzyme Syathesls of Peptides from O-(1)- and and the Ethyl Estez of Glycine 


Aminoacylae Resulting ethyl esters Amino acids formed by 
ting agent. | the peptides hydrolysts of the peptides % 
qd Phenylalanylglycine Phenylalanine 
Glycine 0.18 
Dea Phenylalanylglycine 0.73 | Phenylalanine 050 
Glycine 0.16 
Phenylalanylglycine 0.73 | Phenylalanine 0.50 
Glycine 0.18 
fe Leveylglycine 0.76 | Leucine 059 
Glyctos 0.16 
ud | Valytphenylalanylglycine 0.65 | Valine 
Phenylalanine 050 
Glycine 0.18 


Under these same conditions but fn the absence of the enzyme, peptide synthes!s was not observed, Only 
{n ons case ~ during the reaction of Ia with the ethyl ester of glycine — were traccs of phenylalanylglycine formed 

ta the absence of chyinotrypsin, The formation of peptides from I, I, and the ethyl ester of glycine did occur, but 
under more vigorous conditions (by refluxing in benzene). 


The structures of the peptides formed as a result of these reactions were established by means of paper chro 
matography (for the cbz-peptices, after removal of the cbz group) and by hydrolysis to the amino acids, The suce 
cession of the amino acids {n the peptides was determined by the dinitrophenyl method, 


The data presented above Indicate the high reactivity of O- and N-am{noacyl derivatives of nucleosides, 
which, in turn, indicates the possible participation of compounds of this type In the synthesis of peptide bonds, 


Chymotrypsis 
Chymotrypsia 


EXPERIMENTAL 


L AL Synthests of O-aminoacyl derivatives of adenosine. 2°(3 (1a). a 
solution of 0.8 g (0.001 molc) of adenosine and 2,7 g (0.003 ‘mole) of cbz-phenylalanine fa 10 ml of absolute, pyt- 
idine was evaporated almost to dryness; § ml of absolute pyridine was added, followed by 1.9 g (0.003 mole) of 
dicyclohexylcartodiimide, which was added with stirring. The solution was allowed to stand for 24 hours, and 
the precipitate was filtered (1.8 g). The solution was evaporated to dryness under vacuum with the cdditioa of 
alcohol and benzene, The oll was dissolved in chloroform, washed a 10% CH,COOH, a saturated solutioa of 
NaHCO,, and water, and died over MgSO» 
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The chloroform solution was evaporated to 2 ml, and poured Into petroleum ether. The precipitate was 
filtered, allowed to stand overnight under ethet, and recrystallized from CCly. : 


The yleld of compound Ja was 70%. Decomposition temperature, 88-92%, U. V, absorption in 95% CH, 
257-260 my (¢ 2290). Ry # 0,87 {n butanol saturated water 1). 


Cc 63, 63,43; H $,38: 5, 11,60; 94,67 


(Ib). This compound was prepared from 
propylidenadcnosine and cbz-phenylalanine fo a manner similar to that described above. It was purified by ree 
precipitation from CHC) with petroleum ether. The yield was 65%, Decomposition temperature, 15-80%, U,V. 
absorption In 95% alcohols Xn ax 2977250 my (€ 1620). Ry 0.90 (System 1), 


nd N 14,80, 16, 
fe’ N 14,4 


Enzyme synthesis of peptides from and To a solution of 100 mg 
of the hydrochloride of the ethyl ester of glycine fa 0.5 ml of water were adced 0.3 mi of 2 N NaOH (to a pH of 
8-8.1), 2 ml of phosphate buffer solut{on (pH 88.05), S mg of crystalline chymotrypsin, and 5S mg of Ia {2 8 
ml of alcohol. To the suspension were added another 7 ml of buffer solution and, after 10-15 minutes, 4 mg of 
chymotrypsin, The suspension was agitated for 2 hours and diluted to 50 ml with water; the precipitate was file 
terea, washed with water, dried, and, for removal of the cbz group, allowed to stand for 1 hour In glsclal Che 

- COOH saturated with HBr, Absolute ether was added to the solution, and the of] was separated; by means of pac 
per chromotography using a mobile phase consisting of N-C,H,OH ~-H,O-CH,COOH (42531) (System 2), the 
ethyl ester of phenylalanylglycine (~7 mg, Ry © 0.73)° was fsolated, Adenosine was detected {n the filtrate tee 
maining after separation of the precipitate from the reaction mixtures chromatography gave an Ry Of 0.27 and 
0.55 in System 1 and {n — No, HPO, [5) (System 3), respectively. In to estabifsh the structure 
of this dipeptide ester, part of it was allowed to stand with 1 N NaOH (1 hour) and tiea refluxed with 6 NHC foe 
12 hours, The hydrolyzate was evaporated to dryness under vacuum with the adcition of ethyl alcohol, and the 
residue was dissolved In water and neutralized, Chro.natography fn System 2 showed the presence of glycine 
(Ry = 0.17) and phenylalanine (Ry = 0.50). The succession of the amino acids In the dipeptide was ectermined by 
dinitrophenylation of the dipeptide and subsequent hydrolysts (6). 2 drops of 2,4-dinitroflusrobenzene was added 
to a solution of the dipepiice ester (S mg) {n 1.5 ml of 207% N2,CO,,. The mixture was agitated at 40° for anhour, 
1 mi of 2 N N20Hwas added to the solution, and, afzer an hour, the solution was extracted with ether, The aquee 
ous layer was acidified and extracted with cthyl acetate, The ethyl acetate was evaporated, S ml of 6 NHG 
was added, and the solution was refluxed for 10 hours, The hydrolyzate was evaporated to dryness under vacuum, 
and the residue was dissolved in alcohol and chromatographed in butanol saturated NH;. The yellow spot of 
DNP-phenylalanine was observed (Ry * 0.79, A, 4, = 360 my), which fs In agreement with the control sample of — 
DNP-phenylalanine, When the chromatogram was sprayed with ninhydrin, glycine (Ry = 0.33) was detected Is 
he hydrolyzate, 

In an experiment carried out under the same conditions but without the chymotrypsin, no dipeptide was 
found, 


In Table 1 are presented the Ry values {n System 2 for the ethyl esters of the peptides (after removal of the 
cbz group from the cbz-peptides) obtained by the method described above using enzyme synthesis with Type 3 
or II compounds and the ethyl ester of glycine. The structures of the peptides were established both by thels 
valves (comparison with reference compounds) and by hydrolysis to the amino acids, The formation of peptl 
was not observed whea the reaction was carricd out without chymotrypsin®®. 


The phenylalanylglycine used as a reference also had Ry = 0.78, 
°© An exception was Ila, which reacted with the ethyl ester of glycine in the absence of aynengie to form 
traces of phenylalanylglycine, 
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Ill, Reaction of O-(I)- and N-(U)-amtnoacylnucteosldcs with the ethyl cater of glycine In benzene (80°), 
40 mg of compound Ils and 200 mg of the ethyl ester of glycine in § ml of absolute benzene were scfluxed for 
& hours, The reaction mixture was evaporated to dryness under vacuum, and the residue was dissolved {a alcohol 
and chromatographed In System 3. 


The chromatogram showed the presence of the ester of phenylalanylglycine ¢ Ry * 0.73). Cuomatographe 
ing of the reaction mixture in System 3 demonstrated the presence of cytidine (Ry * 0.75). 


‘The reactions of compounds Ia and IIb with ths glycine ester proceeded similarly. The reaction resulted 
in the formation of the ethyl ester of cbz-phenylatanylglycine, and this, after the removal of the benzene, was 
treated with glacial Cll,COOH saturated With HBr (1 hour, 20°), Absolute ether was added to the solution, and 
the resulting ol! was separated and chromatographed In System 2, The ester ofphenylalanylglycine was detected 
(Ry = 0.73). The structure of the dipeptide was established 1a @ manner similar to that Cescribed above, 
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A STUDY OF ROUTES FOR THE SYNTHESIS OF RING A 
OF TETRACYCLINES - A METHOD OF INTRODUCING 3 
AN N,N-DIMETHYLGLYCINE RADICAL INTO A CYCLOHEXANE RING 


Academician M. M. Shemyakia, M. N. Kolosov, 
Ya. A. Arbuzov, and Yu. A. Bestia 


Zelinsk{f Institute of Organic Chemistry, Academy of Sclences USSR 
Institute of Slological and Medicinal Chemistry, Academy of Medical Scfences USSR 


We have previously described tricyclic hydroxy ketones of the type of (1), which sre simflar to natural tete 
sacycline (11) with respect to the structure of rings C and D and also as to the configuration of the two asymmete 
rie centers [1J. At the same time, with the alm of further Investigating these hydroxy diketones for the syathee 
als of tetracyclines, we Ceveloped a general method for the conversica of cyclohexanones (IID) through the keto 
esters (IVa) to compound (Va), which possesses the characteristic hydroxydiketocartoxamide structure of ring A 
of tetracyclines (2). In order to use a simflar route for the construction of ring A iuelf, which has an MegNgroup 
in the 4 position (Vb), It was first necessary to develop a method for the Introduction of an N,N-dimethylglycias 
radical Into the cyclohexane sing (II1) and to study the reactivity of cimethylamlnoketo esters of the type of 
(Ivb). The present communication {s devoted to this problem, and {t describes a model synthes{s and some cone 
vetsfons of the simplest compound of the type of (IVb) — an ester of threo-2-ketocyclohexyl-N,N-dimethylgiye 


cine (XM). 


pee — | 


TVa xen v8 zon 
IVb X*nMe, Vb 


The introduction of an N,N-dimethylglycine radical into a cyclohexane ring was accomplished undes the - 
same condizions and by the sare methods as can be u-ed {a the case of tricyclic hydroxy diketones (I), Fos this 
purpose, cyclohexanone was condensed with the glyoxyl estcr or {ts semlacetate In the presence of pyridine a 
100°, and the resulting mixture of stereolsomeric hydroxyketo esters (VJa) and (Xa) (85% yleld) was converted te 
a mixture of unsaturated keto esters (VIIb) and (XIb) (85% yield) by acetylation (AcCl « Py) and deacetoxylatios 
(Eth, at 100°), When the resulting mixture of (VIIb) and (XIb) was reacted with dimethylamine fn hexane solace 
tlon at 0°, one of the unsaturated esters added NHMeg, giving an almost quantitative yield of the ester of thseoe 
N,N-dimethylglycine (XIla), while the other stereolsomer remained unchanged, This less reactive ester was the 
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cla-laomer (VIIb), alnce was hydrolyzed by HCL + AcOll to acld (Vila) 953 ny, log € 9.97), which 
formed the unsaturated lactone (VIII)(A, 3, 274 my, log € 4.16) when sefluxed with AcyO, The more teace 
tive unsaturated ester fs the trans-lsomes (X1b) (it can be regencrated In 907% yleld from the dimethylaminoketo 
ester by pyrolysis of {ts oxalate at 135°/0.55 mm); on taponification, It gave the acid (XIa) 239 

my, log ¢ 3.92), which dimerized and dehydrated to compound when heated with Ac,O, but 

‘ did not form the lactone (VIII). On the basts of these data and considering the transformation (XIb) *#(XIla) as 
a reversible process of trans addition of NiiMez, we ascribed to this dimethylam{noketo ester the threo configures 
tion, and cis was confirmed as follows, 


Alkaline saponification of the previously described (3) lactone of cyclohexanol-2-carbethoxyacetic acid 
gave trans-2-hydroxycyclohexylmatonte acid (cf, [4]). which in 1 at 20° was gradually lactuntzed to 
the corresponding lactone acld; the latter, in view of the reversibility of the lactonlzation process under the Ine 
dicated conditions, undoubtedly has the thermodynamically most favored completely transold configuration 
(xIVa)*. The stereochemical inequality of the free and lactonized carboxyls tn this lactone acld permitted us 


Ving Ron vua: Reon 
Vid Rens vib: 
nan? Mey 
Neuse 


ARVO gon, XVIC. R-Et. RoR on 
: RoEt, oR ome 
; on 

XQ 

1 


to carry out the directed synthesls of threo- and erythro-trans-2-hydroxycyclohexylglycines and thelr derivatives 
(by replacement of the firs: or second of the carboxyls by an amino group). Thus, by the action on acid (XIVa) 
of SOCK, (at 45°) and then NaN; (in 25% Me,CO at 0°) with subsequent Custius rearrangement (0.5 hour at 55°, 2 
hour at 80°) and interaction with PhCH,OH, we obtained the cbz derivative (XVc); hydrogenolysis of this come 
pound (Pd/C; 20°, 1 atm.) and hydrolysis (HCl # AcOH; 100°) led aminolactone (XVa); saponification of this 
with Ba(OH); gave the threo-aminohydroxy acid (XVIa), which was easily conferted to the original lactone by 

_ the action of dilute acids, On the other hand, by amidation (30% NH,; 20°) and Hofmann rearrangement (0.5 N 

~ _NaOQ; 40°, lactone acid (XIVa) was coavested through acid amide (XIXa) to erythro-aminohydroxy acid (XX), 


* The original lactone ester must also have the trans-trans configuration (XIVb), slace it can be converted through 


the hydrazino ester (XIXc) into the same hydrazino acid (XIXb) which fs formed by the action of hydrazine hye 
Grate on lactone acid (XIVa)}. : 
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which was found to be Incapable of lactonization, even when evaporated with concentrated HCl, Further convere 


slon from the threo-hydroxy compouad (XVI) to keto esters of the type of (XIN) was successfully and easily carried 
| out with chz-am{inohydroxy acid (XVIb), which was converted through the Ag salt to hydroxy ester (XVId) to the ; 
| ebz-aralnoketo ester (XIIb) by ox!dation of the hydroxy ester with CO, in AcOH, However, we were not able te . 
obtala the corresponding dimethylaminoketo ester by an analogous route (XVId XVIc XVie since by 
Compound 
Vio 4 Xe | | 7.09 39,00 | : 
vite me 1268 72,08 | 6.19 29.97 
More (Me LO HO) 59,69 a,7> $9.26 9,70 4,2 
Fictate: (CM SromE 10H) 44,33 
av €5,92 9,29 7.9 | 9,2 
xve 114-0159 (CH, + CH.) 15,63 | 643 
AVie asses, (Me HO $9.37 | 6,38 58.67 8.73 
ees 43,7 7,9 48.02 7,66 
xvi (CHC, 62:96 | 63,33 
XVI ‘ trom 42.48 | 7.09 7 49,47 
xvill 6.08 $3.46 ] 6.98 
XIXe 7 (EtOH) $1.76 7.88 7.8 50,22 
65.85 | 19,96 He a, 
xn | ene ion a! oss os 
-ductive methylation [S) of threo-am{nohydroxy ester (XVIc), even under mild conditions (pH 5; 25°, 1 atm ), 
was formed not the threo-dimethylaminohydroxy ester (XVle), but {ts lactonization product (XVb). Theres 
1, for proof of the steric structure of dimethylam{inoketo ester (Xa), we used the reverse conversion — reduce 
‘on. of {t to threo compounds (XV) ~ (XVI) by selective reduction of the keto group with NaBH, fa EtOH at 15° ; ‘ 
3 would be expected, this reaction resulted {n the formation of the trans-trans-dime thylaminolactone (XVb)®, . 
nd this also showed that the original compound actually did have the threo configuration (XIIa}, 4 
The dimethylamtnoketo ester was studied with regard to the possibility of introducing an ethynyl 
oup into the molecule, a prerequisite to building the “lower® part of ring A of tetracyclines by the method : 
viously ceveloped (2). It was found that dimethylamInoketo ester (XIla) readily reacts with HC CNe is 
nud NH, at ~50°, forming the acetylenic hydroxy ester in 607% yield; the latter, by analogy to the product of ae 
e borohydride reduction of compound (XIla), probably has the steric structure (XIIIb), This acetylenic hydroxy : 
ter displayed a great tendency toward lactonization to (IX), and in this regard it was sfinflar to threo-transe ; ; 
pinohydroxy esters (XVI). It was converted by the action of(AcO),Hg in EtOH at 20° to the epimesic erythro : 
a addition to this lactone, there was also fsolated a small amount of a glycol which probably had the structuse , 
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tuonice (XVIL)® which, in distinctlon to the orlginal compound, had no tendency toward and 
underwent no — even during distillation at above 100°, 
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HYDROLYTIC HYDROGENATION OF CELLULOSE 


Academician A, A, Balandin, N. A. Vasyuoina, 
V. Chepigo, and G, Basysheva 


N, D, Zelinskil Institute of Organte Chemistry, Academy of : 
Sclences USSR 


All-Union Sclentifle Research Institute of the 
and Iodustey 


Polyhydric alcohols (hexitol, pentitol, erythritot, glycerin, and glycols) have found wide application {a 
the production of valuable synthetic materials — synthetic fibers, alkyd resins, detergents, drying ofls, and also 
as plasticizers and as humectants {a the paper, cellophane,perfume, textile, and other fodustries, 


The raw material for the production of polyhydric alcohcls {s non-edible polysaccharide-containing plang 
material, the store of which {s renewed annually, such as waste from the lumbering and woodworking industries, 
| plant waste from agriculture (straw, corn stalks, sunflower husks, cotton pods, etc.), and also reeds (cane), 


We proposed a new, general, catalytic method (1, 2) for the productloz. of polyhydrie alcohols from polye 
saccharides; this process, which we have named hydrolytic hycsogcenation, permits hydrolysis of polysaccharides 
and hydrogenation of the resulting monoses to be carried out simultaneously fa a single process, 


Hydrolytic hydrogenation of polysaccharides cared out fa an acid n:cdiuin fo the presence of a ruthen= 
fun catalyst at elevated temperature and undce hydrogen pressure, and {t consists of two processes occurring is 
tapid sequence — hydrolysis and hydrogenations 


Under the action of the acid and high temperature, the polysaccharides are hydrolyzed to monoses, and the mo 
sulting monoses are rapidly hydrogenated in the presence of the hydrogenation catalyst and hydrogen to the cote 
responding pulyhydrie alcohols, This combination of acid hydrolysis and catalytic hydrogenation {s impostant, 
since {t opens up a route for the direct production of polyhydric alcohols in almost quantitative yield from suck 
polysaccharides as cellulose, . 


. Up to the present, pentitols and hexitols bave been obtained only by hydrogenation of monoses, and hydrofe 
ysis of hemicellulose or cellulose must first be carried out to obtain the monoses, However, hydrolysis of cella- 
lose with dilute acids proceeds only at an elevated temparature and prolonged reaction time, as a sesult of which 
there {s always considerably further decomposition of the monoses formed, and the practical yleld of glucose from 
cellulose {s significantly less than theoretical, However, uncer hydrolytic hydrogenation conditions, owing te 
the rapid addition of hydrogen to the glucose, the cellulose can be quantitatively converted to sorbitol, which fs 
Quite stable under these conditions, Thus, there fs prsctically no monose present {n the free state during hydrolyte 
fe hydrogenation, and, therefore, there {s practically no possibility of its decomposition, The yield of sorbitos 
in this case will depend on the hydrogenation rate; ff the process is so casried out that the hydrogenation sate fe _ 
greater than the hydrolysis rate, the cellulose can be quantitatively converted to sorbitol, . *. 
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Until our work, such 8 combination of these two processes ~ hydrolysis and hydrogenation of higher sacchae 
rides = had not been described In the scientific Ilteratuze, There is @ report in the patent Mterature (3) of the hy- 
drogenation of starch In the presence of phosphoric acid and Raney nickel with the formation of sorbitol, Hows 
ever, this reaction takes place only Initially, because the two catalysts = phosphoric acid and nickel — rapidly 
react with each other, particularly at elevated temperatures, with the formation of nickel phosphate, which ts 
inactive for the hydrogenation, The activity of Ru for the hydrogenation of monoe and disaccharides la neutral 
media Is reported in reference (4), but hydrogenation of cellulose In acid media ts not mentioned, 


The methed employed in the present investigation was the following, 2-4 g of cellulose ~ sulfite or cote 
ton = and 40-50 ml of an 0.7% aqueous solution of phosphoric acid were placcd in a glass test tube, and the rue 
thenlum catalyst was then added In an amount calculated to give 0,57 Ru based on the hydrogenatable substance, 
The test tube was then placed fn a rotating autoclave (500 ml volume) which was fitted with aa electric heater 
and which sloped at an angle of 65°, A glass-encased thennocouple well was placed Inside the test tube, Hy- 
drogen was pressured Into the autoclave to a pressure of 50 atm , and the contents of the autoclave were thea 
heatedto the required temperature, the autoclave being rotated continuously, Soth sulfite and cotton celluloses 
were subjected to hydrogenation, The sulfite ccllulose contained 99% difficultly hydrolyzable polysaccharides 
(ash- and molsture-free basis), 0.2% ash, and 5.67 molstuze, The cotton cellulose or cotton inter, removed 
from the seeds by mechantcal means, contained 987% difficultly hydrolyzable polysaccharides, 0.0% ash, and 4,0% 
molsture, 


The reaction product was a colorless, odorless sclution, from which the catalyst was seadily separated by 
settling of filtration In the case of cellulose hydrogenation, Gaseous by-products were not formed {a this process, 
The resulting 2qucous solution of reaction products was pruified by fon-exchange sesins (catlonite and anfonite), 
chiefly for the removal of the mineral acid added during the hydrogenation, The puslfled solution was evapo- 
tated under vacuumuntil water vapor was no longer evolved, and the resulting product usually crystallized oa cool 
ing. The product was analyzed for content of reducible substances (inonoscs) by the method of Bertrand, and was 
then subjected to qualitative paper chromatographic analysis, The mobdile phase used in the chromatographic ane 
alysis was a solution of water, dutanol, and acetic acid (S:4:1), and the developer was a 5% solution of silver al- 
tate In ammonl: (4 9.85), When two-dimenslonal paper chromatography was used, the second solvent was @ 
solution of pyridine, ethyl acetate, and water (1;2;2), and the developer was the same ammontacal sflver sola- 
tion, The purity and approximate ratlo of components of the hydrogenation product were estiniated from the size 
of the spots and the Re values, At the same time, the product was analyzed for sorbitol content by a colorimet- 
rie method (2) for the determination of sorbitol In the presence of sorbitan, since the lattes does not form a 

‘basic copper complex(sorbitan Is discussed further below), 


If the two-dimensional chromatographic analysis Indicated that the product was pure, the latter was also 
analyzed for hydroxyl group content by acetylation, and the melting potnt, molecular weight (ezyoscoplc method), 
and elemental composition were also detcrmined, The yleld was determined by weighing the reaction product, ; 


Either barium sulfate of charcoal was used as the support for the ruthenium catalyst, However, the chare 
coal-supported catalyst gave better results with respect to length of operation, and therefore the basic investle 
gation was carried out In the presence of this catalyst (1% Ru based on the charcoal), After preparation, the ac- 
tivity of the catalyst was tested by hydrogenation of glucose, The test was carried out in the presence of 0.1% 

Ru (based on the glucose) and 1.0% phosphoric acid at 110° and with a hydrogen pressure of 50 atm 3 the cata- 

lyst was usually considered active if the glucose was completely hydrogenated within 10-15 minutes with the 
formation of 99-100% sorbitol, The same portion of catalyst was used ten times without regeneration forthe hy- 
_drogenation of glucose under the Indicated conditions, The limiting stage in the hydrolytic hydiogenatioa proc= 

ess is the hydrolysis stage. This {s proved by the fact that, as indicated above, the hydrogenation of monose 
proceeds more rapidly and under milder conditions than those required for the hydrolysis of cellulose, 


In order to determine the optimum conditions for hydrolytic hydrogenation of cellulose, the effect of the 
concentration and nature of the mineral acid, the amount of catalyst, the temperature, and the pressure oa the 
rate of the process and the yleld of polyhydric alcohol was studied, It was found that the optimum conditions for 
the hydrogenation of sulfite cellulose {n the presence of phosphoric acid and ruthenium catalyst are a temperature 
of 160-165°, a hydrogen pressure of 60-80 atm , and a hydrogenation time of 50-60 minutes, A phosphoric acid 
Concentration of 0.7% was required, At a lower acid concentration (~0.5%), hydrolysis of the‘cellulose was slow 
under the conditions of the experiment, which extended the hydrogenation time (by a factor of 2), A higheracié - 
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ecncentration (~ 1, 5%) accelerated the process only insignificantly; therefore, there was no season to Increase 
the acidity, Below 160°, hydrolysis of the cellulose was very slow under the conditions of the experlments theres . 
fore, there was practically no hydrogenation, A highes temperature (190-200) led to decomposition of the . ae 
reaction products, which was easily detectable by the appearance of a yellow color and an odor in the catalyzate, 


Moreover, at Increased temperatures, the presence of an acid can lead to dehydration of the polyhydite alcchols t 
with the formation of anhydro derivatives of the latter, 


It was found that the required hydrogen pressure Is 60-80 atm 5 at a lower pressure (40 atm ) and the optic 
mum temperature and acid concentration Indicated above, hydrogenation of the cellulose had not occurred even — i 
afier 2 hours, A higher pressure (120 atm ) had no effect on the hydrogenation rate, 


As regards the nature of the acid used, phosphoric or hycrochloric acid was necessary for the production of 
sorbitol from cellulose, Although hydrolytic hydrogenation | takes place within 30-40 minutes at 150-155° fa the 
presence of 0.5% sulfuric acid in the solution, up to 2$-40 % sorbitan fs formed along with the sorbitol, Sorbital = 
the monoanhydride of sorbitol = ts formed {a this case by a third reaction fo the series, namely sige of 
the sorbitols 


CH,OH — CHOH — CHOH — CHOH — CHOH — CH,OH NO 
ci — CHOH — CHOH CHOH CH —CH,OH 


As well known, sulfuric ecid is powerful catalyst for the dehydration of polyhydrie alcohols, At a fonges 
time (2 hour),a higher acid concentration (0,87), or a higher temperature (180°), the hydrogenatioa process tee 
sults essentially in the formation only of sorbitan; hence, this process may also be used as a route for the asd 
duction of anhydrides of polyhydric alcohols, 


Under optimum conditions, the yield of sorbitol from the hydrolytic hydrogenation of sulfite cellulose fs 
92-96% of the original cellulose, This sorbitol had the following constants; m. p. 107° (literature value, 108°), 


Found H 39,4; C 7,7 
Calculated Se H 39,5; C 7,69 


Free hydroxyl groups (In %): found $5.2; catculated $6,1, Molecular welght: found 184, calculated 182, Color 
Imetric znalysis of this product gave 99.5% sorbitol, There were no reducible substances fo the reaction product, 


On the two-dimensional paper aye there was a single spot = anR ; which corresponded with the Fy 
of sorbitol, 


The yleld of sorditol from the ba ae cf cotton cellulose was 65-90%, This sorbitol also kad coo 
stants close to theoretical, 


Sorbitan was obtained In 90% yleld in the presence of sulfuric acid in spectal experiments ; OH group come 
tent (%); found 41,2; calculated for CgH2O, 41.5. There was no reducible material precent in the sorbitan, and 
two-dimensional paper chromatography resulted in a single spot with an R¥ corresponding to the Ry of sorbitan, 


From the point of view of multiplet theory [S!, hydrogenation of the mono-e ae from the a 
is a doublet reaction with the indexs 


Multiplet theory considers, on the one hand, structural correspondence, and, on the other hand, energy corresponde 
ence. A three-dimensional model has been given for the Index indicated above (see Figs, 14 and 15 fn refege 
ence [5}). According to the model, atomic radif have great significance in catalysis, The metals which are hye | 
drogenation catalysts may be arranged {n the following series with respect to the smallest atomic radif (Ry(the 

tadif presented beloware taken from the most recent data (6))s 
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the hydrogenolysis of polyhydric alcohols over NI has been pubilshed previously (9). 


Fe Ni Co Cu Ru Os Rh Ir Pd Pt 
R,A 1,241 1,240 4,253 4, 
It fs well known that monoses are hydrogenated over NI, Cu, Pd, and Pt(7}, From the principle of structure 

al correspondence (two atoms of the molecule superimpo-ed on two metal atoms with the retention of the valence 
angles (5}), one would expect that meximum activity would Ie In the Rseries above, As Beeck has shown (8), 
such a maximum activity {s actually observed, and {t occurs at Fh (Al lattice; Re 1.345 A) for hydrogenation of 
the CaC bond, The length of the bond {a the activated multiplet complex must be {ntemnediate to a single and @ 
double bond, The C-C bond (1.541 A) ts longer than the C-O bond (1,43 A) by 0,111 A, and the C # C bond 
(1.337 A) fs almost as much longer, 0.107A, than the C= O bond (1,23 A); the average Is 0,109 A, Theoretically, 
therefore, on the basis of the principle of structural correspondence {t would be expected that maximum activity 
for hydrogenation of a C = O bond would shift to the left In the above series and would occur at a metal with as 
Al or A3 lattice with a shortest interatomic distance equal to 2 X 1,345 — 0,109 = 2,531, L, e., R= 2.681/2 @ 
21,291 A, Asa matter of fact, of the difficultly acid-soluble metals of the above series, the closest to the ine 
dicated requizement {s Ru (R# 1,325 A), We have found that hydrolytic hydrogenation does proceed over Pd and Pt, 
but not as well as over Ru, which ts also in agreement with the considerations presemed above, 


The application of the energy equations of the multiplet theory to the hydrogenation of monoses and te 
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A NEW METHOD FOR THE SYNTHESIS OF HOMOLOGS OF TETRAHYDROFURAN ° 


I, F. Bel’skif and Corresponding Member AN SSSR i, Shuikis 
N, D, Zelinsktl Insutute of Organic Chemistry, Academy of Sciences USSR 


‘The baste methods for the preparation of tetrahydrofuran and its homologs are the catalytic hydrogenatios 
of furan compounds (1) and cyclization of 1,4-dfols (2) or 1,4-halohydrins with the elimfaation of water or bye 
drogen halide, respectively. The value of the fint of these methods {s determined by the availability of the Infe 
tal furan compounds, The latter can be obtained through utilfzation of the reactivity of the aldehyde group of 
furfural or the aromatle properties of the furan.ring, The {ntrocuction of alkyt or acyl groups Into the free alpha 
position of 2-alkylfurans makes possible the synthesis of a serics of 2,S-dlalkylfurans, For the preparation of 
more complex homologs of tetrahydrofuran, ft {s necessary to start with 1,4-dlols of predetermined structure (3), 


We have developed a new method for the catalytic syathes!s of homologs of tetrahydrofuran; this method, 
which fs described {n the present paper, consists of the direct conversion of 1-furyl-3-alkanols to tetrahydrofurans 
of different structures. This method {s based on the Intermediate formation of 1,4-clols as a result of hydrogenate 
ysis of the furan ring In the 1-furyl-3-alkanol molecule, Under vapor-phase hydrogenationconditions 1,4-dlols 
are readily cyclized with the elimination of water to the corresponding tetrshydrofurans, 1-Furyl-3-alkanols are 
teadily avallable compounds which may be prepared by hydrogenation of furfuryiidene ketones, and these, Ia 
turn, are products of the cenccnsation of furfural with aliphatle ketoaes, 


From the point of view of the possibility of synthesizing different homologs of tetrahydrofuran raning with 
furfural and aliphatic ketones, two cases must be considered, 


1, The condensation of furfural with methyl alkyl ketones, fa tils case, 2-n-propyl- S-alkyltetrahydrofure 
ans (III) are obtained, 28 may be scen from the following schemes 


Ts 


2, Condensation of furfural with ketones of the type RCH, -C-CH;—R, In this case, 2-n- propyl-4,5-dle 
alkyltetrahydrofurans (VI) are obtained 


. 
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The structure of the dl- and trlalkyltetrahydrofurans obtained by vapor-phase hydrogenation of 1-furyl-3-alkanols 
confirms the reaction mechanism given aboves hydrogenolysis of the furan sing taxes place first, and the sesulte 
ing 1,4-alkandlol Is converted to the corresponding tetrahydrofuran by Intramolecular elimination of water, Here 
we have a peculiar case of the simultaneous hydrogenolysis of a furan ring and closwe of a new tetsrahydrofusan 
ring, three of the carbon atoms of which were present in the original compound as aside chaln, Thiscircumstance 
opens up broad possibilittes for the synthesis of various tetrahydrofuran homologs, since the structure of the side 
chain In the 1-furyl-3- alkanol, which determines the structure of the newly formed substituted tetrahydrofursa 
ting, can be changed by changing the structure both of the casbonyl-contalning group ia the furaa compound and 
of the allphatic ketone, 


Hydrogenolysis of the furan ring, which ts the necessary first stage In the process of converting 1-furyl-3-ale 
kanols to homologs of tetrahydrofuran, proceeds readily In the presence of various catalysts containing Group VII 
metals, for example, {a the presence of PC, skeletal NI/Zn, and skeletal Cu/Al catalysts, Platinized carboa 
was widely used In our experiments, The main side reactions occurring over this catalyst aces a) Lomerization 
of the resulting homologs of tetrahydrofuran to aliphatic ketones (4), b) formation of 1,4-alkandlols, and c) hydro- 
geaation of the 1-furyl-3-alkanols to 1-tetrahydrofuryl-3-alkanols, The first two reactions become quite appre- 
clable at elevated temperatures (adove 250°), and the last of these reactions, on the contrary, occurs only at dee — 
creased temperatures, The hydrogenation of 1-furyl-3-alkanols at 220-240° usually gives tetrahydrofurans {a 
ylelds of 50-10%, At 300°, 2-methyl-S-n-propyltetsahydrofuran was formed {a 30% yleld from 1-furyl-3-butanol, 


By condensing furfural with acetone, methyl ethyl ketone, and methyl propyl ketone fn the presence of @ 
solution of NaOH, we obtained the corresponding furfurylidcne methylalkyl ketones (I) {a yfelds of 10-80%, The 
condensation of furfural with clethyl ketone was Icss satisfactory; the yicld of the corresponding furfurylidene ase 
tone (IV) was 50-SS%, 


The hydrogenation of the furfuryiidene ketones to 1-furyl-3-alkanols (If, V) was carried out {n the liquid 
phase over skeletal Cu/Al catalyst at 130-140° and zesulted {a ylelds of up to 95%, The resulting sh aiadieal 
kanols had the following propertiess 


1) 1-Furyl-3-butanol, , p. 67-69" (4 mm); dy’ 1.0202; 1.4754, 
2) 1-Furyl-3-pentanol, b. p. 77-78° (4 mm); 1.0023; off 1.4750, 
3) 1-Furyl-3-hexanol, b. p, 97-98" (S$ mm); cy? 0.9961; 1.4707, 
4) 1-Furyl-2-methyl-3-pentanol, t. p. 98-100" (2 mm); 1.0587; ary 1.566%, 


The vapor phase hydrogenation of the 1-furyl-3-alkanols was carfed out at ordinary pressure, The lquid 
catalyzates, which were obtained in practically quantitative ylelds, were died with calcium chloride and thea 
distilled in an effictent column at reduced pressure, The fractions corresponding to the tetrahydrofuran homologs 
were cedistilled at reduced pressure, this time over sodium, from a flask fitted with a dephlegmator, The resulte 
ing tetrahydrofurans had the following properties: 


1, 2-Methyl-S-a-propyltetrahydrofuran, b, p. 140-142" (75S mm); ¢4° 0.8380; nj} 1.4200, MRp found, 
38.72, Calculated for C,H,,0, 38.59, 


2, 2-Ethyl-S-n-propyltetrahydrofuran, b, p. 60-61° (22 mm); di? 0.8464; oD 1.4297. MRp found 43.38, 


Calculated for C,H;,0, 43.21, 
3. 2,5-Di-n-propyltetrahydrofuran, b. p. $4-56° (6 mm); 0.8390; ny 14290; MRp found, 47.98; calcu 
lated for 47.82. 


Found $e C 77,23; 


4. 3-Methyl-2-ethyl- S-n-propyltetrahydrofuran, b. p. 67-67.5° (16 mm); @ 0.8461; 1.4312, MRp 
found, 41.19, Calculated for CiH;,0, 47.82, 


Found 
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A NEW METHOD FOR THE PREPARATION OF AROMATIC BISMUTH COMPOUNDS 
BY OXIDATION OF MIXTURES OF ARYLHYDRAZINES AND BISMUTH TRICHLORIDE 
WITH ATMOSPHERIC OXYGEN IN THE PRESENCE OP CUPRIC CHLORIDE ) 


A, B, Bruker and K. M. Malkow 
(Presented by Academician L, L. Kounyants, June 1, 1959) 


Heteroorganic aromatic compounds were first obtained by Fischer and Erhard (1), who started with an aryie 
hydrazine and an Inorganic compound of the appropriate element, They obtained diphenylmercury by oxidizing 
phenylhydrazine {n ether solution with mercuric oxide, Seide, Scherlin and Brass (2) prepared phenylmercury acee 
tate {0 a medium of acetle acid {n the presence of copper or {ts salts, Wiclard and Micelung (3) prepared te. 

phenylarsine by oxidizing phenylhydrazine with benzenearssonfe and diphenylarsinic acids, Attempts to form 
matic arsenic compounds by oxidation of phenylhydrazine with arsenic acid failed, Selde, Scherlin and Brass (4) 


obtained a mixture of phenyl- or tolylamine oxl¢e, diphenyl- or ditolylanine oxide, and triphenyl- of tritolylage 


sine Ly the Interaction of phenyl- or tolylhydrazine {n aqucous solution with arsenfe acid In the presence of cope 
per or {ts salts, The p-chloro-, p-fuorophenyl-, and diphenylarsenie compounds were prepared 
by this method, 


Attempts to prepare aromatic sresenic compounds by the oxidation of p-nitrophenythydrazine with a 
ticn of arsenic acid were not successful, 


In the work of Bruker and Makiyaev [€) on the role of copper in the preparation of aromatic organometal 
compounds by diazo or hydrazino reactions {t was shown that {f the starting materfal for the reactios f{s an inore 
g2nle arsenic compound, then the presence of copper or {ts salts {s required for the preparation of aromatic ate 
senic compounds, while aro:natic arsenic compounds are to be arylated, the reaction proceed the 
presence of any special catalyst, 


Attempts to prepare aromatic antimony or bismuth compounds by similar routes gave negative results, 
This can epparently be explained, cn the one hand, by the low solubility of antimony, arylantimony, and bis- 
muth acids {n water and organic solvents, and, on the other hand, by the ae lower oxidizing ities of 
antimony and bismuth acids as compared to arsenic acids, 


In previously published communications we have described a new method for the preparation of aromatic 
heteroorganic compounds Involving the {ntersction of aryl hydrazines with chlorine derivatives of arsenic and 
antimony in hydrochloric acid solution using atmospheric oxygen as the oxidizing agent {n the presence of cue 


pric chloride, Phenyl-, diphenyl-, tolyl-, naphthyl-, and p-fluorophenyl-antimony compounds were prepared by - 


this method (7, 8). Aromatic antimony compounds were also prepared by the interaction of phenylhydrazine with 
antimony pentachloride {n hydrochloric acid solution ia the presence of cupric chloride and atmosphere oxyges 
(8). Aromatic arsenic compounds were obtained by oxidation of a mixture of phenylhydrazine and arsenic trle 
chloride with atmospheric oxygen in the presence of cupric chloride (9). Phenylmercury chloride was prepared 
by the Interaction of phenylhydrazine and mercuric chloride in a hydrochloric acid medium fn the presence of 
cupric chloride (10). The present paper describes an experi.nent on the preparation of triphenylbismuth by the 
interaction of phenylhydrazins hydrochloride with bismuth trichloride in the presence of cupric chloride and ate 
mospherie oxygea, 


32g of bismuth trichloride, 3 g ofcupric chloride, and 3 g of ferric chloride were dissolved in dilute hye 
Srochloric acid (45 ml of HCl, d = 1,19, and 600 ml of water) in an opca vessel, and 43 g of phenythydrazine 
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hydrochloride was gradually added with stirring, The reactloa mixture was stirred for 16 houra, and an aqueous 
solution of ammonia (25%) was then added to an alkaline seactlon, The sesulting precipitate was suction filtered, 
dried tn ale, and extracted with chloroform, The solvent was evaporated from the chluroforn extract, and 10 g 
of a substance with a melting point of 75° was obtained, Recrystallization of this materlal from methyl alcohol 
yleided 8 g of trlphenylbismuth which melted at 77-78, The ltcrature value of the melting polat ls 77° (12), 


A mechantsm for the formation of aromatic atscale and antimony compounds by diazo and hydrazino teace 


tions was presented ta previously published communtcations (11); this mechanism can be repsesented by the fole 
lowing equations 


in alkaline medium 
decomposition tn the , 
* presence ofa reducing 
éecompositioa AtMeXe+ Ne 
+ ArMeXs~ decomporttton in the 


ArsMeX + Ne 


presence of a reducing a agent 


decompositioa 
ArsMeXs + Ne 
ArNsX ArgMeX ArN;X- ArsMeX decomposition Inthe arMe+ Ne 
presence of a reducing agem 
a 


The conversion of I to II {s catalyzed by the presence of copper (or other metals), which donates one electron te 
the nitrogen and one from the metal being 


The formation of triphenylbismuth frem phenylhydrazine and bismuts trichloride In the presence of atmos- 
pheric oxygen and copper has much {9 common with the mechanism of the formation of aromatic arsenic and, 
antimony compounds, In general, this comes about through the oxidation of the arythydrazine by atmosphere 
oxygen to benzenediazonium chloride; the latter interacts with the bsmuth trichloride with the formation of a 
binary compound, which fs reduced by the arylhydrazine with the forrration of an aromatic bismuth compound, 
The difference {s that the benzenediazonium chloride does not react with bismuth trichloride under these condle 
tons to give a binary compound of the type ArN;X *BIX3, and therefore, primary or secondary aromatic bismuth 


compounds are not obtained, The binary compound formed In this case, (AINA X)y *BICls, reacts with phenylhydrae 
zine to give 


(1) Fischer and W, Eshard, Ann, 199, 332 (1879), 
(2] 0, A, Selde, $, M, Scherlin, and G. J, Brab, J. prakt, Chem, 138, $5 (1933), : 
(3) H, Wieland and W, Madelung, Ann, 431, 33 (1922), ’ 


(4) ©, A, Sede, S, M, Scherlin, and G, J. Brab, J. prakt. Chem. 138, 225 (1933). 


a 

3 


(5) 0. A, Setde, Scherlin, and A, B, Bruker, J. Gen, 28, 2404 (1058). - 
A Brukes and F, Maklyaey, Proc, Acad, Sel, USSR, 63, 271 (1948). 


(1) Sergeev and A, B, Bruker, J. Gea, Chem, 21, 2220; A, B, Bruker, J. Gen, Chem, 2223, 2503 | 
(1957)? 
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(10) A, B, Bruker and B, B, Levin, J. Gen, Chem. 28, 2725(1958),® 


(11) A, B, Bruker, Proc, Acad, Sci, USSR, 58, 803 (1047); A, B, Bruker et al. Je ca, Chem, 5 1024 
(1995); 6, 1623 (1936), 1, 1880 (1937); 18, 1133, 1291 (1048) 
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THE FORMATION OF TROPYLIUM BY THE ACTION 
OF MONOHALOCARBENES ON BENZENE 


M. E. Vol*pin, V. G. Dulova, and Corresponding 
Member AN SSSR D. N. Kursanov 


Institute of Heteroorganic Compounds, Academy of Sciences USSR 


We have recently shown that the action of hydrogen peroxide on = salts proceeds with the elimins- 
tion of one carbon atom and the formation of benzene [1}. 


However, the reverse reaction ~ expansion of the benzene ring with the formation of the tropylium cation = 
bas thus far remained unknown, There are Indirect data (deuterium distuributfon In reaction products) forming @ 
basfs for the assumption that {n the bombardment of deuterated monoalkylbenzene vapors with electrons in e 
mass spectrometer, not the benzyl cation but the lsomeric tropylium cation fs formed (2). 


We bave been able to show that the action of potassfurn tert-butylate on CH,Csy, CH,Ps, or CH,!; followed 
by treatment with hydrogen bromide forms, fn all of these cases, small amounts of tropylfum bromide. This can 
be explained by the Intermediate formation of monohalecarbenes, CHX, and thels {Interaction with benzene ace 
cording to the schemes 


+ CsH,OK CHX + KX, 


— eal ©. 


‘Experfments carried out under diffcrent conditions showed that the concentration of starting materials and 
the reaction have no substantfal effect on the yield of tropyllum bromice, The yleid of tropylium catios 
increased somewhat with an Increase {n temperature, As fs well known, there has been a considerable amount 
of work {n recent years devoted to the study of the reactions of dthalocarbenes, CX, formed by alkaline hydiolye 
sis of haloforms (see review [(3]). However, the reaction studied vad us fs the first case {a which wad formation of 
wnsubstituted monohalocarbencs has been observed, 


While the rate of alcoholysts of nicthylene halides by an $2 mechanfsm Increases fn the order CHyCig¢ 
<CH,Brz < CH}, (4), the yleld of tropylium salt from benzene increases fn the reverse order < 
CH,C;. This {s in agreement with the data of Hine (5) relative to the ease of formation of dihalocarbenes hom 
haloforms, 


Thus, on the basis of our data {t may be assumed that alcoholys!s of methylene halfdcs partly proceeds 
with the Intermediate formation of monohalocarbenes, CHX, The tropylium salt ls formed by the addition of 
the monohalocarbene to the benzene; this fs the flirt example of the direct conversion of benzene to a tropylium 
salt, 


EXPERIMENTAL 


‘The Interaction of Benzene with Methylene Chioside 


a) To a bolling mixture of 8.4 g (0.075 mole) of dry potassium tert-butylate (free of tert-butyl alcohol) 
and 200 ml of absolute benzene was added, with stissing, 19.1 g (0.225 molec) of methylene chloride, Upon the 
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completion of the addition of the methylene chloride, the mixture was stirred at 60° for 4 hours, On the fotlowe 
iny day, the thickened, Ight brown mass was filtercd, and the filtrate was evaporated under vacuum dry hydro 
gen bromide was then passed Into the solution, The resulting precipitate was filtered, washed with absolute bene 
zene, and dried under vacuum, 0.24 g of tropylium bromide was obtained; this corresponds to a yleld of 1.9% 
calculated on the (CH;),COK, This substance was dissolvedin water, and after treatment with sodium bicarbonate 
and extraction with benzene, it was again precipitated with hydrogen bromide, Tropyllum chloroplatinate was 
precipitated from aqueous and alcoholic solutions of the bromide by Ue action of 1, PtClg. The infrared and 
ultraviolet spectra of tropylium bromide were {dentical with those obtained by Doering and Knox (6). 


_ -b) 15.3 g (0.18 mole) of CHCl, was added, with stlering and over a pertod of 30 minutes, to a mixture of 
10.7 g (0.095 mole) of potassiurn tert-butylate and 200 ml of benzene at 20°, The reaction mixture was stirred 
for 7 days, after which the precipitate was separated, and a stream of dry hydrogen bromide was passed Into the 
fliteate, The resulting precipitate was trcated with water, and the aqucous solution was made alkaline with so- 
dlum bicarbonate, The resulting ditropyl ether was extracted with benzene, Tropylium bromide separated whem 
HBe was passed Into the benzene solution; the yleld was 0.16 gor 14%, 


The Interaction of Benzene with Methylene Bromide 


a) Over a period of 1 hour, 26 g (0.15 mole) of Cl,87, was added, with stirring, to a mixture of 11.2 g 
(0.1 mole) of potassium tert-butylate and 200 ml of benzene at 6°. After the addition of half of the Ci4,8r,, the 
mixture congealed and was diluted with 200 ml of benzene, At the conclusfoa of the addition of the CH;Br,, 
the mixture was stirred for 1 hour at 6°, and then for 2 days at room temperature. 0.035 g of tropyllum bromide 
was obtained by the usual treatment; the yleld was 0.2%, 


b) 0.06 g of tropyllum bromide, 0.4% yleld, was obtained from 8.9 g (0.08 mole) of potassium tert~ 
ate, 27.8 g (0.16 molec) of CH,8r3, and 200 ml of benzene at room temperaturte 


¢) 0.2 g of tropylium bromide, 1.2% yicld, was obtained from 11.2 g (0.1 mole) of (CH,),COK, 22.6 g 
(0.13 mole) of CH,6r3, and 206 ml of benzene; the reaction was carried out fn bolling benzene, 


The Interaction of Benzene with Methylene Iodide 


0.015 g of tropyllum bromide, 0.1% yleld, was obtained from 10.3 g (0.09 mole) of potasstum tert-butyi- 
ate, 44,4 g (0.17 mole) of CH,1;, and 200 ml cf benzene at room temperature, © 
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INVESTIGATION OP THE CARBOHYDRATE PART 
OF C-SUBSTITUTED MONOSES 


Yu. A. Zhdshov, Ge V. Beg 
A. 1. Chuvileve 


Rostov-on-Don State University 
(Presented by Academician A, I. Oparin, June 5, 1959) 


Up to the present time, the attention of Investigators studying carbon-substituted sugars has beea centered 
chiefly oa the properties and transformations of the aglucon part of the molecule, and as a scsult, little attention © 
has been given to the carbohydrate radical, Most of the C-substituted monoses have been obtained {a the forme 
of acetylated derivatives as a result of the usual method of synthes!s, which Includes a final acetylation stage. 
Deacetylated and methylated products have been obtained fn specific Instarces (1, 2}. 


In an attempt to fill {n this gap, we have undertaken an fovestigation of the properties of the carbohydrate 
part of C-substituted monoses, With this alm, we first studied methods for the preparation of pure deacctylated 
écrivatives, Deacetylation by means of dry ammonts fn absolute methanol appeared to have the best prospects 
here, This method was used to prepare l-phenyl-l-desoxyxylose, 1-p-anlsyl-1-desoxyglucose, and l-phenyleLe 
desoxygalactose. These products were used for the preparation of — unknown benzoylated derivatives by 
the action of benzoyl chloride {a pyridine, 


By the replacement of the primary alcohcl group {n ae ft was possible to prepare 
the trityl and tosyl derivatives, 


1-Phenyl-1-desoxy-d-glucuronte acid, whtch ts more convenfently named actd, was 
synthesized by oxidation of 1-phenyl-1-desoxyglucose with nitrile acid, On the basis of the analytical data and 


also considering the of aldonfe acids te form y -lzctones, the following formula may be assigned 
this acid 


oc 


EXPERIMENTAL \ 


1-Phenyl-1-desoxyxylose. 2 g (0.006 mole) of 1-phenyl-1-desoxy-2,3,4-trlacetylxylose, prepared by @ 
previously described method [2], was dissolved in 100 ml of absolute methanol, The solution was cooled with 
ice and saturated with ammonia (the weight increase was 14.6 g), and it was then allowed to stand for a day, 
The solution was evaporated on a water bath, the dry residue was treated with warm ether for the removal of 
the acetamide, and the product was recrystallized from methyl acetate, The yield was 0.91 g (73% of gaa 


The 1-phenyl-1-desoxyxylose was obtained in the form of white needles with an m, p. of 16-1489, Ths 
substance fs described here for the first time, 


Found %: C 62.77; 62.62; H 6.86; 6.71. Castle Calculated %: C 62,86; 4 6.67, 
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1 g (0.005 inole) of 1-phenyl-1-desoxyxylose, synthesized by 
the method dcactlbed above, was dissolved In 10 inl of pyridine, and the solution was heated to 100°, & m1(0.04 
mole) of benzoyl chloride was then added, and the solution was heated for one hour at a temperature of about 
100-105°, The reaction mixture was then cooled, and the excess benzoyl chloride was decomposed by the addle 
tion of ice. 100 ml of dichlorocthane was thea added, and the pyridine was removed by carefully washing the 
solution with cold water, 3 N sulfuric acid, and then with a cold saturated solution of sodium bicarbonate, 


The dichloroethane extract wasdrled over sodium sulfate, and the solvent was then evaporated under vacuum 
(water aspirator) at 50° uatll a thick syrup was formed, . 


Pecrystallization from absolute alcohol gave 1.57 g (63.5% of theoretical) of a colorless, crystalline pro» 
duct with an m. p. of 168°, This substance ls described here for the first time. . 


Found: 73,23; 73,443 115,19; 
Calculated Sz C 73,54; H 4,98 


Deacetylation of glucose was carried 
out by the method described above for the similarly substituted xylose. From 2.57 g (0.006 mole) of the starting 
material was obtained 1.47 g (937% of ticorctical) of the deacetylated material, which, after recrystallizatios 
from methanol, had an m. p. of 225°, This substance Is described here for the flsst time, 


Found C 57,45; 57.75; I 6,75; 6,88 
Calculated C 57,78; H 6,67 


le The benzoylation of was care 
fled out by the method described above, using benzoyl chloride fa pyridine, 2.38 g (92.5% of theoretical) of 
benzoylated product was obtained from 1 g (0.004 mole) of the starting matertal; after rectystallization from ab- 
solute ethanol, the product had an m. p. of 148°, This substance Is described here for the first me, 


Found %: C 71,82; 71,51; H S,1 
Calculated C 71,72; H 


Deacetylation of the orlginal tctracetate was carried out by the method 
scribed above.1.71 g (65.3% of theoretical) of a crystalline product with an m. p. of 132° was obtained from 446 
g (0.012 mole) of the starsing material, The substance described here for the first time, 


Found%e 59,87; H 6,93 
Calculated C 60,00; H 6,67 


1-Phenyl-1-desoxy-2 3 ,4,6-tetrabenzoylgalactose, Benzoylation of 1 g (0.004 mole) of 1-phenyl-1-dee 
soxygs!actose by the method described ylelded 1.83 g (95.87% of theoretical) of crystalline benzoylated product 
with aa m, p. of 40°, This substance Is described here for the first time, 


Found %: 73,41; 73,37; H 4, 
Calculated %: C 73,17; H 


1-Phenyl-1-desoxy-6-tritylglucose. 1g (0.004 mole) of 1-phenyl-1-desoxyglucose was dissolved In § mi 
of pyridine, and to the solution was added 1.2 g of triphenylchloromethane, The solution was allowed to stand 
for two days at room temperature; {t was thea cooled with Ice, and water was added dropwise until the solutfos 
became turbid, After half an hour, the solution, which had been cooled continyously during this time, was 
poured into 50 ml of ice water; this caused the separation of a thick oll, which was washed with water and dise 
solved in methanol, The soluble triphenylcarbinol was filtered, the filtrate was evaporated on a water bath, and 
the dry residue was recrystallized from methanol, The yleld was 0.5 g (25% of theoretical), 
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titylgtucose fs white crystalline with an m. p. of 110°, The substance 
described here for the first time, 


. 70,03; 27,23; 38 6, 


1-Phenyl-l-desoxy-C-tosylglucose. 2 g (0.01 mole) of p-toluenesulfonyl chloride was added to a solution 
of 0.5 g (0.002 mole) of lephenyl-J-desoxyglucose fo 10 ml of pyridine, The solution was held for 2 hous fn @ 
thermostatted bath at 30°,and wes then allowed to stand overnight, When the solution was poured {nto water, the 
tosylated pzoduct separated In the form of a syrup, which was extracted with chloroform, The chloroform exe 
trect was csled over calclum chlorides after evaporation of the solvent and recrystallfzation from absolute ethae 
nol, there was obtained 0A7 g (577% of theoretical) of crystallins 1-phenyl-1-desoxy-6-tosylglucose, walch dee 
composed at 1657170, Sulfur determination by Messinger’s method gave 7,627 (S calculated, 7.80%). The 
compound was soluble in pyridine, alcohol, and chloroform, This substance fs described here for the first time, 


acid. A solution of 2,2 g (0.009 mole) of i-phenyl-1-desoxyglucose In a seven-folé 
amount of nitsic ecid (sp, gr. 1.15) was allowed to stand for 38 hours, after which ft was evaporated on a wates 
bath to the consistency of a syrup. The syrup was dissolved {0 a small amount of water and again evaporated, 
The resulting material was extracted with methyl acetate, the solution wes evaporated to dryness, and the rede 
due was subjected to a second treatinert with nitric acid by the method described above. The resulting lactone 
of the acid was extracted byaprolonged contact with boiling ether, The lactone was obtained fp the form of 
a thick wansparent syrup upon distillation of the ether, The yicld was 0.5 g (22% of theoretical), 


This matertal {s soluble fa water, ether, methyl acetate, pysidioe, and ethanol, and {osoluble fa benzens 
* and toluene. It forms an Insoluble lead salt, 


Found%: 56,43; H 6,08 
Catcutated Ja C 56,69; H 5,00 


The acid equivalent, determined by titration — a base, was 248 (calculated, 254), The substance fs 
described here for the first time, 
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ON THE COMPOSITION OF THE KETONES FORMED | | 
DURING THE LIQUID*PHASE OXIDATION OF a-PARAFFINIC HYDROCARBONS 


V. V.Kamzolkin, Corresponding Membder AN SSSR 
Ae Ne Bashkirov, K. M. Sokova, and T. P, Andseeve 


Institute of Peuochemical Syothesls, Academy of Sciences USSR 


We have shown In preceding Investigstions (1-3) that the chief products of the Nquid-phase oxidation of 
n-paraffinic hydrocarbons with molecular oxygen under mild conditions (oxidation with a nitrogen-oxygea mize 
ture containing 3.0-3.5% oxygen) and In the presence of borte acid are strafght-chain secondary alcohols with 
the same number of carbon atoms {n the molecule as the orlginal hydrocarbon and cvinprising a mixture of al 
possible fsomers with respect to the positioa of the hydroxyl group, 


The by-products fn thfs process comprise compounds with a carbony? group, acids, and polyfunctional come 
pounds; the study of the composition and suucture of these products can yield additfonal Information for the dse 
termination of the mechanism of the Iquid-phase oxidation of a-paraffinic hydrocarbons with molecular oxygem, 
Since the carbonyl compounds constitute a considerable part of the total amount of by-products, we turned ous | 
attention first to a study of the composition and structure of these carbonyl compounds, n-Hexadecane was wed 
as the feed to the oxidation process; It hac a b. p. of 105.5-105.7°/1 mm, oD 1.4344, 0.77323 f. peleryst) 
16.6%, 


TABLE 2 
Characteristics of the Oxidates Odtained during the Oxidation of a-Hexadecane 


Experimental vatues Product distibution, mole 


total functfonal | free and free and compounds 
acid no, | ester no, . group content, | combined combined | with carbonyl 
mmole/g acid alcchols group 


2.85 13.26 
2.16 12.96 
2.95 13.40 
2.14 11.92 
2.86 12.36 


12.6 
12.2 
16.7 
12.6 
145 


617.73 
68.16 
67.23 
69.70 
68.85 


18.79 


Oxidation of the a-hexadecane was carried out for 4 hours {0 a previously described apparatus (2) with s : 
nltrogen-oxygen mixture containing 3.5% O, at a temperature of 1€5-170*; boric acid was added fn an amount, i 
of 5% based on the original hydrocarbon, The feed rate of the oxidizing gas was 1000 Iters/kg/hout, j 


Some properties of the oxidates are presented {n Table 1; it may be seen from these properties that among 
~ the products formed during the oxidation of n-hexadecane under mild conditions im the presence of boric acid are 


| | | 
8.8 95.7 304 19,03 
11 92.5 | 29.0 18,88 . : 
55 4.7 32.1 19.37 
5.7 HA 28.0 18.26 


TABLE 

Semicarbazone Melting Points (°C) 
Methyl a-amy! ketone 123 Ethyl a-hexyl ketone 111-112 
Methyl a-hexy! ketone 123 Ethyl a-heptyl ketone 100-103 
Methyl a-heptyl ketone 119-120 Ethyl a-decyl ketone 90 
Methyl a-octyl ketone 126(121) Ethyl n-undecyl ketone 89 
Methyl a-nonyl ketone 122-123 Ethyl n-dodecyl ketone 90.8 
Methyl a-decyl ketone 122-123 Ethyl a-tidecyl ketone 88 
Methyl a-undecyl ketone 126 Propyl n-amyl ketone 13°74 
Methyl a-hexadecyl ketone 122 Propyl n-hexy! ketone 61-63 
Ethyl a-butyl ketone 99-100 Octyl a-hexadecyl ketone 39°41 


compounds contalaing a carbonyl g 


ing products, 


Ths carbonyl compounds were separated from the oxldate 1a order to determine thelr composition, Slace 
the oxidates gave a negattve reaction for aldehydes (silver mitcor test and fuchsin-sulfurous actd), separation of 
the carbony! compounds present {n the oxidates was carried out as follows, The oxidates from the first four exe 
periments were combined, and the compounds not reactirg with boric acid were distilled under vacuum, From 
176 g of oxidate was obtained 105 g of distillate, which consisted chiefly of unreacted hydrocarbon and carbonyf 
compounds slong with small amounts of acids, esters, and free alcohols, Analysis of the distillate gave the fole 
towing resultss carbonyl number, 30.3; acid number, 12.1; ester number, 8.1; hydroxyl number, 6.0. 


It may be seen from these data that of the total amount of compounds with a carbonyl group present Ia the 
oxidate (94.31 millicquivalents of CO group), about 6079 (56.71 milllequivalents of CO group) was present Ia the 
distillate, while 407 remained with the products teacting with torle acid; on this basis, it can be assumed that 


TABLE 3 


Fractionation of Estezs Ovtained during the Oxidation of Hexadecanones, 20,38 mmoles, 


of esters and 60 g of chaser were used 


roups these comprise abort 19 mole % of the total amount of oxygen contains 


We, of fraction 


Ester No, of 


fraction 


Amount of 


Ag content of 
silver salt, % 


Literature and caiculated dats 


methyl ester of acid 


vidual CH, 
and chaser 


t. of fadi- 


esters of acids 


calc, Ag 
content of 
sifver salt 
of acid 


=200 
on 


158 mm Hg pressure 


a-valerie 97—{27 
47,9 |n-caproic 127—150 
45,00 Jenanthic 150—175 
42,35 In-capryile 40—S3 
53—66 
38,73 o-capric 66-79 
36,86 
35°54 undecanole 70-92 
34,84 [laurie 92—{ 
tridecanole 105—417 
32,65 | myristt 417—130 

peatadeeanole 130—143 


‘ 
= 
3 Bs 
62-95 11,46] 0 | — | — 
95—130 | 4:97 | 11,52] 1,02 51,66 | 
‘ 130—155 | 3,75 | 26:48] 1,77 48,37 
15S—177 | 4,36 | 25,24 | 2,27 45,58 
38—55 7S | 23,50 42,97 
55—65 50 | 28,80 40,67 _ 
75—80 14,44 
80—90 26,58 36,82 
90—95 17,90 
4 95—105 25,90 35,42 
. 105—110 18,55 33,58 
120—130 17,18 32,06... 
130—140 6,39 - 30,89 
Residue 


the carbonyl-containit.g compounds formed during the oxldation of n-hexadecane consist of ketones and polyfunce 
tonal compounds containing earbonyl group (chiefly, keto alcohols). In order to determine the composition of 
the ketones present In the distillate, the latter was separated Into paraffinic hyd:ocarbons and oxygen-contalaing 
compounds by chromatographing over ACK silica gel, 


n-Pentane was used as the displacing Mquid for the hydrocarbons, while methanol was wed for the oxygens 


containing compounds, Chromatographing of 95 g of distillate ylelded 14.8 g of oxygenated compound concene 


trate with the following characteristics: carbonyl number, 162.5; hydroxyl number, 28.73 ester number, 41.25 
acid number, 22.8, This concentrate was treated with a concentrated solution of a base In order to saponify the 
esters present, and {t was then freed of alcohols by conversion of the latter to boric acid esters, As a result of 
these treatments, 8.8 g of carbonyl compounds was obtained, which, after distillauon under vacuum, had a bef 
of 122-127°/1 mm and a carbonyl number of 226 (carbonyl number calculated for CysH,,0, 233.0), 


Eicmental analysis of the carlonyt compoundss 


C 
C1430. C 79,03 pew 


On the basis of the experlmental cata presented above, it can be concluded that the carbonyl compounds 
formed during the oxidation of a-hexadecane are chiefly hexadecanones, The semicardazones of these ketones 
were prepared, Fractlonal crystallization from ethanol gave a crystalline product which melted In the range 
124,5-125.5°, Elemental analysis of the semicarbazones 


4%: 69,59; 14 N 43,95; 13,02 
Calculated fe C 63,63, H 14,88; 


In Table 2 are presented the melting points of semicarbazones In which the position of the carbonyl group 
varies (4); a comparison of the melting points shows that the semicarbazones of the methyl ketones have melting 
points lying In the Interval 120-126°, regardless of molecular welght. As the carbonyl group moves away froim 
the end carbon atom, f.e., with a transition from methyl ketones to ethyl ketones to propyl ketones, ete., the 
melting point of the seinfcarbazoncs decreases. Consequently, the carbonyl compounds {solated from the pro 
ducts of the oxidation of n-hexacecane contain methyl n-tetracecyl ketone, However, the methyl a-tetracecyt 
ketone comprized only a small part of the total amount of semicarbazores obtained, Repeated crystallization of 
the mother Iquor fsolated a substance which did not have a sharp melting polot. Therefere, it was not possible 
to form a final conclus{on as to the composition of the ketoass under (nvestigatfoa on the basis of the data ob- 
tained dusing the determination of the melting points of the semicarbazones, A method fa which the ketones 
are oxidized with potassium ¢cichromate in a medium of dilute sulfuric acid was used to solve this problems this 
method has been described by us previously (3). 


6 g of ketones, 18 g of potsssium dichromate and 60 g of H,SO, (48%) were usedinthe oxidation, The ree 
action ylelded a concentraie of water-insoluble acids with an acid oumber of 328.5 and 1.4 g of neutral compounds 
with a carbonyl number of 189, These acids were converted to the corresponding methyl ester, which were dise 
Ulled with a chsser in a column, The distillation results are presented in Table 3, The disteibution of the acids 
was estimated from the boiling ranges of the individual fractions, the determination of the ester numbers of these 
fractions, and from the silver contents of the silver salts of the acids separated from these fractions; this distribue 
tion fs shown {n Table 4, It may be scen from the data presented fa Table 4 that oxidation of the ketones with 
potassium dichromate in dilute H,SO, ylelded roughly equivalent amounts of acids from C, to Cyg on the basis 
of these data, {t may be concluded that the carbony] group v was present at different locations in the ketones Ig 


vestigated, 

Thus, as a result of the present investigation it has been established that the carbonyl compounds formed 
during the liquid-phase ox{dation of n-paraffinic hydrocarbors with molecular oxygea (ia the presence of borie 
acid) are mainly ketones having the same chain length as the original hydrocarbon; the ketones are a mixture of 


The water-soluble acids were not Snvestigated, 
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TABLE 4 
Distelbution of Acids Obtained by Oxidation of the Hexadecanones 


Acid distribution Acid distribution 
according to Ag cone according to Ag cone 
Acid tent of silver salts tent of sliver salt. 


mmole % mmole 


a-Valerie 051 2.90 Undecanole 169 


a-Caprote 1.99 | 1150 Laurte 1.88 
Enanthte 2.12 | 12.06 | Tridecanote 1.4 
a-Capryiie aga] 10.62 Myrtstte 1.45 
-Pelargoate 188 | 938 Pentacecanote 0.68 
188 | 10.58 


all theoretically possible fsomers With respect to the positfon of the carbonyl group. In addition to the ketones, 
polyfunctional compounds containing a carbonyl group are formed, 
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ON THE INTERACTION OF TETRAALK YLDIHY DRIDISILOXANES 
WITH BIFUNCTIONAL UNSATURATED COMPOUNDS 
j 4 
| : 
Corresponding Member AN SSSR V. V. Korshak, A. M. Polyskova, 
V. M. Vdovin, V. Fo. Mironov, and Corresponding Members AN | 
A. D. Petrov 
Institute of Heteroorganie Compounds, N, D, Zelinskif Institute of Organte — 
Academy of Sciences USSR 


We have previously shown [1] that 


-eact with acetylene at atmosphere pressure {0 the presence of a very small amount of an 0.1 M soluifion & 
_hloroplatinte acid {n fsopropyl alcohol with the formation of polymeric products, The present work was devoted | 
-o an Investigation of the Interactioa of these same dlslloxanes with bifunctional unsaturaced compounds of the 
ypes 


Oh = ct —cH, — =CHy MM, =SI, Ge, 
R’ g 


Like the reaction with acetylene, the {nteraction of tetraalkyldfhydridisfloxanes with the monomers indie 
sated above was carried out in the presence of chloroplatinic acid. The reaction between equimolar amounts of 
he components resulted {n the formation of polymers, which were obtained {a the form of viscous ofls fn yfelds 
of up to 80%, The infrared absorption spectra, the data from elemental anaiyses, and the molecular welght dee 
'srminations indicated that the molecules of these polymers consisted of the unitss 


respectively, 
863 : 


| 
; 
e 
. e 
‘ 
. 
A . 
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where 3-15, 


The results obtained in this Investigation are presented In Table 1, As an examination of the table shows, 
the data from the elemental analyses ase tn good agrceinent with the calculated values, 


The polymerization coefficient (n) did not excced 15, and varied depending on the components used, Bt 
was established, for example, that a decreases with a change from tetramethyldislloxane to dimethyidlethylstle - 
oxane, and decreases still more with a further change to tetracthyld!siloxane, The experiments showed that divie 
monomers are more active {n-this reaction than are diallyl monomers; the reactlonproceeded most vigorouse 
ly with dicthyldivinylstloxane, but was almost as vigorous with dlethyldivinylgermane, 


Diethyldivinyltin did not react, and dlethyldlvinyllead decomposed with the Iberation of lead®. 


It is worthy of note that the tetraalkyldthydridistloxanes on which this reaction fs based are readily svalle 
able compounds; they are prepared In high ylelds by hydrolysts of dlatkylchlorostlanes, The latter can be pre 
pared In the laboratory by Grignard synthesis of methyl or ethyl chlorosilanes by close fractionation or by chemle 
cal methods (2), The dislkyichlorosilancs obtained by Grignard synthesis can be hydrolyzed without separatioa 
from the reaction mixture, 


EXPERIMENTAL. 


Preparation of the polymers, Equimolat amounts (0,12 mole) of the disfloxane and monomer were charged 
to aglass tube, and a thin-wall Hi tube containing the catalyst (0.01 g of a decimolar solution of chloroplatinie 
acld In fsopropyl alcohol) was placed on the bottom of the reaction tute, After the usual operations for remove 
ing the ale while cooling the reaction mixture, the reaction tube was sealed, heated to 30-35°, and the tube cone 
talning the catalyst was broken by vigorously shaking the reaction tube, ; 


After several minutes, an exothermle ceaction was noted, and the reaction mixture gradually thickened, 
When the temperature of the reactlon mixture had decreased appreclably, the reaction tube was placed {na 
thermostatted bath and heated at 120° for 6 hours. The reaction tube was then opened, and the coatents were cl- 
luted with dry benzene and filtered to separate the polymer; the benzene was distilled undez vacuum, and the 
residue was brought to constant welght at 120°/4 mm, Part of the benzene solution was mixed with a S-fold 
amount of methyl alcohol; this resulted {n the separation of an ofl, which, after separation by decantation, was 
also drought to constant welght. The resulting polymers were thea analyzed: the elemental composition and 
molecular welght ey in benzene) were determined, and the infrared absorption spectra were obd- 
tained, 


I, Syathests of the Ethylmagnesium chloride, 
obtained from 49 g(2 g atoms) of Mg fa 1.5 Mtecs of absolute ether, was added, over a period of 3 hours, to a solue 
tion of 650 g (5.65 mole) of methyldichloros{lane in 1.5 Ilters of ether; the reaction mixture was cooled and 
stirred well during the addition, The ether solution was separated from the solf¢ matertal, and the latter was 
washed with ether, The ether and methyldichlorosilane were distilled, and 145 g of methylethylchlorostlane, 

b. p. 85-96°* ©, was obtained, 

The yleld, calculated on the magnesium used, was 67%, - 

200 ml of water was adced dropwise, with effective stirring, to a solution of 120 g of K(GH,XCH,)sIC Ia 
500 ml of ether; after the evolution of heat had ceased, the reaction mixture was stirred for an additional 2howzs. 


The ether layer was separated, and the aqueous layer was extracted with 200 ml of ether. The ethes extracts 
were washed and dried over calcium chloride, and the ether was distilled, Distillation of the ether ylelded 79.5 g 


Synthesis of the diethyldivinyllead and {ts interaction with the distloxane was carried out by M. D. Suchkova. 
®*Here and in the synthesis of I and Ill described below, the distillations were carried out - a columa with 20 
theoretical plates, 
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of with am m. pe of 125.5126" 1.39805 0.7935; found, 49.33 cale 
culated, 49.2, The yleld was 88.5% of theoretical, 


I. A) The synthesis was carried out {a a manne similar to that described aboves 
from 49 g (2 g atoms) of magneslum and 650 g (S moles) of ethyldichtorosilane was obtained 214 g of diethyl- 
chlorosilane with b. p. of 98.5-101.5°s aj} 1.4154; the yleld was 85%, 


The hydrolssts of the dicthylchlorosilane was carried out In a manner similar to that used for I, and tetrae 
ethyldihydrldistloxene was obtatned with a yleld of 75-937%5 be p. 172-173"s nig 1.41605 dy? 0.8159; MRp found, 
68.53 calculated, 68.3, 


B) Grignard reagent, prepared from 49 g (2 g atoms) of magneslum and 235 g (2.15 mole) of ethyl bromide 
In 1 Liter of ether, was added to 210 g (1.93 mole) of ethyldichtorosilane, and the reaction mixture was refluxed 
for $ hours with stissing. After decomposition of the reaction mixture with water and the usual subsequent treate 
ment, 57 g of triethylsilane with a b. p. of 105-106° and 81 g tetracthyldihydridisiloxana with a b. p. of 170-172, 
1.4160, were obtained by distillation, 


MethyIlmagnestum chloride, prepared from 49 g (2 g atoms) of magnesium Ia 
15 Ilters of ether was added, over a perlod of 4 hours, to 172 g (1.5 moles) of methyldichlorosflane fa 1.5 Iters 
of ether; the reaction mixture was effectively cooled and stirred during the addition, After decomposition with 
water and the usual treatment, 38 g of tetramethyldihydridisiloxane with a b, p. of 70-71 was obtained by‘dise 
Ullation; 1.37003 0.7572; found, 40.3; calculated, 40.1, When the expsriment was carded out under 
the same conditioas but using 1.3 moles of methyldichlorosilane, the yleld of liMegSlOSiMeg!f was 24 g. 
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THE ENERGY OF ACTIVATION OF THE DISSOCIATION - 
OF ALKOXY DERIVATIVES OF TITANIUM 


A. N, Nesmeyanov, O. V. Nogina, 
and V. A. Dudovitskis 


Institute of Heteroorganic Compounds, Academy of Sciences USSR 


We have previously reported that {n dilute benzene solution, the degree of assoclation of alkoxy derivatives 
of titantums rather slowly decreases with time and, after several hours, reaches unity (1). The association of afke 
oxy derivatives of titanium {s most naturally explained (2-5) by Intermalecular coordination bonds between the 
oxygen atoms of one molecule and the titanium atoms of neighboring molecules, 


In the present work, we Investigated the temperature dependence of this phenomenon, and the activatios 
energy of the dissocfatlon of the assocfatfon complexes was determined using, as before, a cryoscopic method, 
Figure 1 presents kinetic curves for ths dissocfatioa of tetrae 
A-propoxytitanium at varlous temperatures, 


Activation energies were calculsted from the temperse 
ture cependencies of the initfal dissocfatton rates (Fig. 
these were found to be 7.7 kcal/mole {n the case of tetra-ne 
propoxytitantum, 8.0 keal./mole for assocfated tetracthoxythe 
tanium, and 8.1 kcal/mole the case of di-a-propoxytitae 
nium oxide, ° 


It fs {nteresting to note that the IMmiting concentratios 
at which the degree of assocfation of alkoxy derivatives of the 
of (a-C,#,0),Ti with time; benzene solu tanium, which decreases with time, reachcs unity does not dee 
tion, 0.10 mole % concentration, at variow pend to any great extent on the structure of the titanium come 


temperatures: a) 10°; b) 17%; ¢) 25%; dase, Pound (Fg. 

We also studied the effect oa this phenomenon of the 

structure of the alkyl radical of the alkoxy titanium compound, 

The effect of steric hindrance on the degree of association of these substances was readily detected, When branche 
ing of the carbon chain of the tetraalkoxytitanium occurred at the carbon atom closest to the Utanium (tetrafsoe 
propoxytitanium, tetra-tert-butoxytitanium (2-6), association did not generally occur in benzene solution of up 
to 2.0 mole % concentration, In benzene solutions of tetralsopropoxytitaniuin of 1.296 and 1.988 mole % cous 
centration, the molecular weights (immediately after dissolving the sample) were, respectively, 276 and 275 
(calculated, 284), 


When branching of the alkyl chain of the tetrazlkoxytitanium occured at tie B- of y~carbon atom, the 
tetraalkoxytitanium was associated in benzene solution, and, just ss {n the case of substances containing alkyl 
groups of normal structure, thelr degree of association in dilute benzene solution decreased with time and reached 
unity, 

Thus, the molecular weight of [(CH,),CHCH,G,TI In benzene solutions of 0.367 and 0.348 mole% concene 
tration was found to be 460 and 453, respectively, immediately after solution of the substance, Subsequent detere . 
minations after 18 hours gave values of 336 and 349 (calculated, 340), 


Fig. 1. Change fo the molecular weight 


: 


| | 
% 


Fig. 3. Dependence on concentration of 
the molecular welghts of (a-C,H,O),TI (a), 
and (nC,H,0), TIO (b) determined after the 
solutions had stood for 18 hours at 20-22%, 
Broken line ~ calculated molecular welght, 


The molecular welght of ((CH,),CHCH, CHO), TE 
{n 0.251 mole % benzens solution was 499 Lmmedtately 
after solution of the sample, and this decreared to 382 
(calculated, 398) after 13 hours, 
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A COMBINATION METHOD FOR THE INVESTIGATION 
OF THE DETAILED HYDROCARBON GROUP COMPOSITION 
OF CRACKED GASOLINES. 


Academician A. Vv. Topeblev, I, Ae Musaev, 
Kh. Iskhakova, and M. Sardanashvilé 


Institute of Petrochemical Synthesis, Academy of Sclences USSR . 


The investigation of the group and Individual hydrocarbon composition of the products of thermal and catae 
lytle processing of petroleum distillates ts of both scientific and practical interest, The unsaturated and othes 
HMquid hydrocarbons produced by these processes are most important resources. Of considerable tnterest, both 
from the polat of view of theory and from the point of view of commerctal practice, is the study of the questios 
of the effect of the chemical compositica of the raw {ced to thermal or catalytic cracking on the compositioa | 
and structure of the hydrocarbors obtained from these processes. An understanding of the nature of the hydro= 
carbons composing the cracked products requires the development of a rellzble method for the en 
both thels individual and thelr dctalled hydrocarbon group composition, 


The chromatographic method developed by the present authors makes possible the separation of ended 
gasoline {nto paraffinic-naphthente, unsaturated, and aromatic hydrocarbons, The combination of the chromae 
tographic method of separation with hydrogenation-dehydrogenation catalysts and with optical methods makes 
{t possible to investigate both the Individual [2-4] and the group chemical composition of cracked gasolines 


The present Investigation describes a combination methcd which {ncludes chromatographic separation of 
standard fractions (60-175°) of cracked gasoline Into hydrocarbon classes combined with hydrogematlon-dchydroe - 
genation catalysis, This method permits the cztermination of the cheinical composition of Individual fractions 
with respect to sevea sub-groups of saturated and unsaturated hydrocarbons, " 


EXPERIMENTAL 

Pressure distillates of three samples of gasolines produced by the:mal and catalytle cracking of distillates 
from Surakhany high-grade naphthenic petroleum® were used both for the development of the method and as 
objects of favestigation, 


1, Catalytically cracked gasoline (B-12) obtained from a kerosene-gas oll fraction (235-360°) by passage 
over silica-alumina catalyst at a temperature of 460° and a weight rate of 1.0, 


2. Thermally cracked gasoline (B-2) obtained from a residuum (above 360°) at a temperature of $1S° and 
& pressure of 38-40 atm, 

3. Thermally cracked gasoline (B-11) obtained from a off fraction (235-360") at a 
ture of 515° and a pressure of 40 atm. These gasolines were distilled in a column of 30 theoretical plates, and 
the following fractions were collected: up to 60°, CO-95°, 95-122°, 122-150°, and 150-175°, Each fraction was 
separated chromatographically {nto naphthenic-paraffinic unsaturated, and aromatic hydrocarbon fractions, 


* The gasoline samples were prepared at che Experiment Station of the Azerbafdzhan Sclentifle Research Institute 
of the Petroleum Industry (Baku), 
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TABLE 2 


Detailed Hydrocarboa Group Composition of Narrow Gasolins Fracuoas 


Contents in wt. % of ialtial fractioa 


gaolines}] 


gasoling-2 
boiling cange of fractioa, °C 


gasoline-12 


- 


GS 


tics 
cxenes 


lopeatenes 


Cyclohexanes 
Cyclopcatanes 
Arom 


Paraffins 


bon (7) — prepared by the method described by Musaey 


Ia order to obtain comparable data and to obtala 
suffictent arounts of the sespective fractions, identical 
fractions of the gasoline were chromatographed from 8 

‘to 4 times, The ylelds of paraffinic-naphihenle, unsaturae 
ted, and aromatic fractions were deterinined as the avere 
age from 2-3 experiments (the divergence between exe 
periments did not exceed 1%), 


The contents of paraffinic -naphthenie, unsaturated, 

and aromatic hydrocarbons fn the intermediate fractions . 
were determined by calculation or by a second separatios 

of these fractions using a small chromatographic columa 
(the Intermediate fractions constituted 3-5% of the frace 

tion charged to the chromatographic column, The prope = * 
erties and group compositions of narrow fractions of gaso- 

lines 12, 2, and 11, fsolated chromatographically, are 
presented fn Table 1, The unsaturated fractions were hye 
drogenated fn small autoclaves at a hydrogen pressure Of 

15-80 atm., a temperature of 150-200°, and fo the prese 
ence of a catalyst (nickel on kfeselguhs), “15-25 mi of 
the fraction was used {0 the bydrogenation, 


The peraffinic-naphthenfe fractions {solated chrome 
atographically and the hydrogenation products obtained 
from the hydrogenation of the unsaturated fractions were 
subjected, afier characterization, to analytical dehydsoe 
genation over a catelyst=fron-promoted platinized cate 


and Gal ‘pera (8). 


The dchydrogenation was carried out at 300-302, 
a space rate during the first dehydrogenation of 121, thes 
05:1 in Individual cases, and C.3:1 during the third dee 
hydrogenation, The resulting catalyzates were charactese 
ized, sfier which they were sulfonated using KaitwinkelS 
solution (30 g P,O; ¢ 100 ml of 13,50,), The content of 
aromatic hycrocerbens formed from cyclohexanes during 
the dehydrogenation and the centent of pentamethylens 
hydrocarbons In the cearomatized catalyzate were dctere 
mired by the anilire point method, while the content of 
paraffinic hydrocarbons was determined by difference, 
The detailed group composition of each fraction was cale 
culated on the basis of the experimental data. The sume 
marized data on the detalled hydrocarbon group compo= 
sition of the fractions of the three gasolines are presented 
{a Table 2, 


As may be seen from Table 2, the catalytically - 
cracked gasoline (B-12) differed from the thermally 
cracked gasolines by an increased concentration of aro 
matic hydrocartons and by a sharply decreased concentrae 
tion of unsaturated hydrocarbons, Gasoline-12 also dife ms 
fered from Gasolines 2 and 11 by an Increased concentrae 
tion (particularly {n the first two fractions) of cyclopene — 
tanes and a decreased concentration of paraffins and ale 
keres with an Insignificant concentration of cyclohexenes, 
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Gasoline-2 closely approximated gatoline=11 in chemical composition, The main difference between 
gasoline-2 and gasoline*33 was an Increased amount of paraffinic hydrocarbons and a sharply decreased concene 
tration of aromatic hydrocarbons, The concentration of olefinic hydrocarbons was very close to the same inthese 
two gasolines, 

Thus, by a combination of eipiininatite separation with hydrogenation-dehyérogenation catalysis and 
the use of the aniline point method,there has been develcped a combination method for the Investigation of the 
detailed group composition of cracked gasolines, The proposed niethod makes ft possible to carry out a differen 
tlal characterization of the quantitative composition of each fraction separately with respect to seven sub-groups 
of saturated and unsaturated hydrocarbons, The data presented show the differences {a the chemical composition 
of the gasollnes investigated; these differences are connected with differences {a the chemical — of 
the saw feed and with the processing methods used, 

T. Suturlova participated fa this work. 
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ON THE STATE OF THE ELEMENTS OF THZ MIDDLE 
OF THE FOURTH PERIOD IN HYDROCHLORIC ACID, SOLUTIONS 


I. Ke Taltovich 
Kuban Agricultural Institute 
(Presented by Academiclan 1, 1, Chernaev, July 13, 1959) 


Toa exchange 1s widely used for the separation of metals fo the analysis of varfous ores and alloys, Moree 
over, if cation exchange resins are used for the separation of m!xtures of elements of Groups I-IV and anfon exe 
change resins are used for the separation of mixtures of elemeuts of Groups V-VIM, the separation of fons more 
closely related In properties ls based chiefly on thelr different tendencies toward complex formation, this 
connection, fon exchange has acquired an even greater significance as a method for the study of the states of 
elements and the stability and composition of thels complex compounds {a acid solutions, This fs possible owing 
to the fact that simple catlons of the metals are absorbed from colutions by the active groups of the cation exe 
changers, while thelr complex anfons are absorbed by the active groups of anlon exchangers, 


The Investigation of the states of elements {n hydrochloric acid solutions fs very Intezesting, since, accorde 
{ng to the available data (1-8), fon exchange sorption of even the moreclosely related elements can diffes cone 
siderably owing to the non-uniform stability of the chloride complexes, 


The present work was devoted to a systematic Investigation, by means of fon exchange, of the states of the 
elements of the middle of the fourth perfod fn hydrochloric acid solutions, With this alm, distribution coefficients 
of the elements between fon exchange resins and hydrochloric acid solutions with HC concentrations of from 0.3 

to 10 Nwere determined, The elements studied were Cr (TIN), Mn (ID), Fe (111), Co (IN, Ni (11), and Gu 
ate typical complex formers [9], and Ti (iV). 


Determination of the distribution coeffictents was carrled out by a widely used inethod(1} an accurately | 

weighed portion of the air-dried lon exchange resin was agitated with a specific volume of the solution uncer fae 

vestigation until equilibrium was epprozched; aliquot porttons of the solution were then takee, and the amount of 

element not sorbed by the resin was determined by the appropriate coloiimetric method (10, 11), The distribue 
tion coefficient was calculated by means of the equations ° 


My 


where My {s the amount of the element sorbed by the fon exchanger, M fs the total amount of the element I 
the original solution, v fs the volume of solution used In the ee siti and m Is the weight of fon exchanget, 
In our experiments, v was 50 ml and m was 05 g, 


The original solutions were of the following concentrations: Ti (IV), 0.1197; @ (im1), 0.1733; Ma (ID, 
0.2724; Fe (111), 0.1861; Co (II), 0.2947; NI (11), 0.2935; and Cu (I), 0.4765 mg/ml, 


The sorbents used were strongly acid unffunctional cation exchangers KU-2 and SBS, strongly acid mule 
functional cation exchanger KU-1, and anion exchange resin AN-2F, Preliminary to the work, the fon exchange 
tesins were washed free of impurities, the cation exchange resins were converted to the H form, and the anioa 
exchange resin was converted to the Cl form, 
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The results of the detcsnifnations of the distribution ccefliclents are presented in Table 1, 


It 1s well known that the amount of catlons absorbed by catlon exchange reslns decreases with a decroase 
in the pH of the inedium (12), However, the decrease In the sorbabliity of elements Ia hydrochloric acid solue 
tions by cation exchangers cannot be explained only by the change In pil, since the formation of chloride anions 
fe of neutral complexcs important here, 


' It may be seen from the data fn Table 1 that in comparatively dilute solutions of hydrochloric acid (0.1 
0.5 N), all of the elemcnts studied were sorbed to a considerable extent by the cation exchangers, Consequently, 
they ate presen: {a the solutions {a the form of simple cationsy TI, Fe** OF", With an tne 
crease In the acidity of the solutions, fon exchange sorption of the elements rapidly decreased, which (along with 
the Increased concentration of hydrogen fons) can be explained by the formation of enion complexes, The data 
of Table 1 show that beginning with the 6 N hydrochloric acid solution, Co (11) ts converted to chloride-containe 
ing complex anlons and {s sorbed by the anfon exchange cesin, With Ti (IV) and Fe (III), the formation of anfoa 
complexes was noted beginning with hydrochlorie acid solutions of 8 Nconcentratlon, With regard to Ma (ID, 
NI(ID, and Cu (II), the complete absence of sorption by the anion exchanger excludes the possibility of the forme 
ation of anion complsxes by these elements under the present conditions of acidity. Apparently, beginning with 
approximately a 2 N concentration of HC, these elements exist a the foria of neutral complexes, if such come 


plexcs are suffictently stable. 


TABLE 3 
Distributlon Coefficients y of Elements fa Hydrochlorte Acid Solutions 


Ma ce NI | Ca 


0, 
0, 14, 01 
{ 0 2,49 7,79 24,07 
2 0 9,14 
4 0 0 0 5,92 
8 0 0 2,28 
On KU-1 (espatite-1) 
0,4 A, 48 48,93 877,41 61,73 187,76 63,78 
9,3 20,68 2,19 59,19 19,18 18,49 3,27 
2,22 16,61 1,97 10,54 1,47 
4 0 0 0 
: 0,1 0 0 0 3 
| 0,5 0 0 0 
0 0 0 0 0 0 
2 0 0 0 
4 0 0 0 
6 0 0 0 8,78 0 ° 
8 14,76 0 26,94 36,90 e 
10 108,42 0 79,63 | 61,19 0 


On KU-2 
: 324,64 292,96 3726,06 288,54 256,12 335,44 
22,47 22,45 111,83 32,09 49,03 4,78 7 
1,95 0,75 0 5,90 0,74 
@ 0 0 0 0 
3 0 0 0 0 0 : 
$88 


We obtained no new data differing from that avallable tn the Htcrature relative to the state of chromlura 
(111) tn hydrochlorle actd soluttons {3}. At HCI concentrations above 2 N, chromlum was not sorbed elthes by the 
cation exchangers or by the anton exchanger. Since {t Ls one of the most typical complex formers, it too probabe 
ly formed neutral complexes. , 


The data obtained fa the present favestigation can have a practical significance tn the separation of elee 
ments of the middle of the fourth period by means of column chromatography. It ts evident that eack of the mee 
tals which form anion chloride complexes (TI, Fe, Co), can be separated from chromium, manganese, Dickel, 
and copper by anion exchange resins {f the hydrochloric acd solution fs sufficiently concentsated (8 N and higher}. 


Separation with catfon columns ls possible with solutions fa which the ratios of the — coefficients 
of the {ndividual patrs of metal are comparatively high, 
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LIQUID-PHASE OXIDATION OF OLEFINS 
IN THE PRESENCE OF BORIC ACID 


Corresponding Member AN SSSR A, N, Bashkirov and 
Shiman Pal 


Investigations carried out fn our laboratory on the Mquid-phase oxidation of hydrocarbons (1, 2) have shows 
that fn the initial stage of the oxidation of paraffinic hydrocarbons of normal structure = fn the stage leadiog to 
the formation of alcohols ~ destruction of the original hydrocarbon molecule does not occur, Under our conditiom, — 
Including the presence of borie acid, the reaction products were predominantly secondary alcohols, a mixtwe of 
all pessible fsomers having the same number of carbon atoms in the molecule as the original hydrocarbon, These 
isomeric alcohols were formed in equimolar amounts, This provides a basis for the assumption that the reactivity 
with respect to oxygen of the secondary carbon atoms of molecules of higher normal paraffinte hydrocarbons fs 
practically uniform, The oxidation products of normal paraffinic hydroczrbons contained no primary alcohols 
having the ssme number of carbon atoms fn the molecule as the original hydrocarbon, This can apparently be 
explained by the greater aw of the C-H bond fn a methyl group as compared to that of a C-H bond ine 


methylene group, 


TABLE 1 
Characteristics of Oxidates 


Product distribudoa is 


Analysis of oxidate, number oxidate, mole, % 


Convere 


|eastonyl | hydroxyl 


The study of the Hquid-phase oxidation of olefins {s of considerable interest for an understanding of the 
mechanism of hydrocarbon oxidation and the effect of the structure of the hydrocarbon molecule on the nature 
of the oxidative conversion of the hydrocarbons, In this connection, we carried out the oxidation of 1-dodecene 
in the presence of berte acid; the 1-dodecene was obtained by Grignard lene and had a b, p. of 212-213(758 
mmm); 0,7583; 1.4301; lodine number, 149.2, 


The oxidation was carried out at ordinary pressure with a nitrogen-oxygen mixture containing about 4% 
Oz; the specific feed rate of the oxidizing gas was about 809 Iiters/kg. The zmount of boric acid added wasS-7 
of the original hydrocarbon, The reaction temperature was 165-175", and the run duration was 2-3 hours, The 
oxidation was carried out in an apparatus described previously (2), 


The composition of the oxidates are shown as a function of tune fa Table 1, 


j 
| 
Ti 
30 — 11,8 46,0 17,3 <0,4 79,6 
: — 15,0 53,6 20,6 21,8 78,2 
0.5 2,0 16,4 co,9 23,8 3,1 19,8 77,8 
120 1124,2] 4,2 4,8 15,3 67,2 26,5 6,4 16,4 77,2 : 


TABLE 3 
Characteristics of the Hydoxyl- Compounds Obtained by Oxidation of 
1-Dodecene 
Physical constants Litersture and cale, data 
b, Pp. at | > 
mm Hg,°C] | compound a 
g old : 34 a 
3 123,0~135,0 - — 12 Dodecanedio 
® The product to be analyzed was first hydrogenated using Rancy olckel catalyst, Dee ° 


termination of the contents of primary and secondary alcohols was carried out by & 
method developed by us and previously described 


The dats presented show that alcohols constitute the major product of the conversion of 1-dodecene, come 
prising about 7S mole % at aa oxidation depth of about 27%, 


The oxidate was treated with water at 95° to decompose the borle acid esters, Esters, which were present 
fo small arnounts, were saponified with an alcoholic solution of KOH, Chromatography over ASK silica gel was 
used to separate the oxygen-containing compounds from the unreacted hydrocarbon, Petroleum ether and methae 
nol were used as displacing Mquids, The resulting hydrocarbon was distilled and again oxidized, The alcohols, 

of which 41 g was obtained, were purified from kee 


TABLE 3 tones through the borle acid esters, after which they 


were distilled under vacuum, They had a hydroxyl 
Distribution of Acids . number of 330 and an fodine number of 33.2, Three 
main fractions boiling at 64.5-5.66°, and 
Acid Mole % 125-135° were separated by distillation In a rectifi- 
cation column at an absolute pressure of 1 mm Hg, 
Valeric CGH, 4.1 The first two fractions sere liquid, while the third 
Caprole C.H2Q 8.1 was a crystalline material, The charactezistics of 
Enanthie CHO 8.9 these fractions are presented {a Table 2, 
pe i CattsOs pone On the basis of the data presented In Table 2, 
Pelargonte 408 
{t can be stated that the first fraction, which come 
Caprice 23.0 
48 prised 38% of the total hydroxyl-contalaing come 
be pounds, was n-nonyl alcohol. For proof of this cone 


clusion, the phenylurethaa with aa m. p. of 61-62" . 
(calculated, 62°) (6) was prepared; its aralysis is presented belows 


Found %z C 72,82; H 9,58; N $,28 
Calculated%: C 72,96; H 9,57; N 5,32 


A mixture of the phenylurethan with a known sample of n-nonanol phenylurethan melted without Cepres- 
sioa of the melting point, 


In addition to its high hydroxyl number, the second fraction was characterized by a high lodine number, 
The results of the analysis of this fraction confirmed that it consisted predominantly of secondary unsaturated 
alcohols, CgH,;OH. For the determination of the position of the hydroxyl group Ia these alcohols, we used 8 
method, previously described, in which the alcohols were oxidized with potassium dichromate In a medium of 
dilute H,SO, with subsequent identification of the resulting acids (2). The alcohols investigated were preliminarily 
subjected to selective hydrogenation over seamie Catalyst at a temperature of 180° and 30 atm ia a medium of 
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Asa sesult of this investigation, a number of aclés were ticlated and Identified; thels dlstributton Is 
-ted in Table 3, ‘ 
The experimental data presented above show that the ics of this fraction were a mixture of tsomers. : 
of secondary unsaturated alcohols in which about 60 mole % was 3-dodecenol. The remaining 40 mole % was Ey 
the other possible isomers of secondary unsaturated alcohols, CythyOH, 


The alcohol of the third fraction obtained during the distillation of the alcohols was a crystalline substance, 


Recrystallization from petroleum ether gave snow-white crystals with an m. p. of 57.6-58.0° (literature value, 
56-587}. The hydroxy! number was 555 (calculated, 


ce 
me 


und C 71,21; H 13,0 
B, 1,2-dodecancdiol, ‘Calculated Cc 74,235 H 12,08 


The data presented above and also a qualitative reaction for glycols mith adjacent hydroxy! groups (8) prow 
vided confirmation that this substance was 1,2-dodecanediol, Thus, in the liquid-phase oxidation of 1-dodecens 
in the presence of boric acid, three main products are formed ({n about 707% yleld); primary o-nonyl alcohol, & 

mixture of fsomeric secondary docecenols, and 1,2-dodecanediol; these products were formed {n ratio of 2 .231:0.6, 


In addition to the work just described, we also oxidized 2-dodecene under the same conditions; the 2-dodes 
cene vas odtained by Gilgnard synthesis and had a boiling point of 86-87° at 3 mm Hg; di? 0.7601; nis p 1.4308 and 
an fodine number of 151, We Mmlted this investigation to the {sclation of octyl alcohol from the oxidate, The 


B-octy! alcohol was {dentifled as the phenylurethan, The characteristics of the n-octyl alcohol and {ts phenyle 
urcthan are st:own {0 Table 4, 


TABLE 


Aicohol Phenylurethaa 


elemental compositio 

1mm Hg |n0. c | 4 | 

Found S4,0—56,5] 428 1,43m 73-74 | 72,21 | 5.58 
Lit, and cale, data (9 430 i 74 72,25} 9,30 | 


Thus, St may be scen from the experimental data presented above that the presence of a double bond fa 
the hydrocarbon molecule has a substantial effect on the course of the oxidation process, While the oxidatios 
of n-paraffinic hydrocarbons ylelds secondary alcohols with the szme number of carbon atoms {fn the molecule 
as the original hydrocarbons, the main course of the oxidative conversion of olefins under the same conditions is 
a reaction leading to the formation of primary alcohols with fewer carbon atoms fa the molecule, rupture of the 
C-C bond occurring between the carbon atoms @ and B to the double bond, 


In addition to the main reaction forming primary alcohols, during the oxidatfon of olefins a reaction also 
occurt, though to a lesser extent, which leads to the formation of unsaturated secondary alcohols with the same 
number of carbon atoms in the molecule as in the original olefins and with retention of the double bond, These 
alcohols are a mixture of isomers; about 60 mole % of the mixture {s an alcohol in which the hydroxyl group is ee: 
alpha to the double bond of the original olefin, A glycol with the same number of carben atoms in the molecule 
as the original olefin and {n which the hydroxyl groups are on adjacent carbon atems at the site of the double 
bond of the olefin is formed dusing the oxidation, 


Thus, the presence of a double bond in a hydrocarbon molecule has a substantial effect on the strength of ° 


the C-C bonds between the alpha and beta atoms of the molecule (with respect to the double bond); as 8 consee : : 
quence, rupture of this bond takes place with the formation of primary alcohols with fewer carbon atoms ia the ae ‘ 
molecule, The presence of the double bond also has an effect on the strength of the C-H bonds of the secondary ee 
carbon atoms, Therefore, the most reactive carbon atom fs one alpha to the double bond, Seer , 


The presence of glycol {n the reaction products provides a basis for the assumption that the oxidatios of 
olefins can, to a certain extent, involve the double bond, Ifke the Prilezhaev reaction, All of the material 
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above shows that the structure of the hydrocarbon molecule has a decisive effect on the course of the oxidative 
conversion of hydrocarbon molecules and, a3 & consequence, on the composition of the rs come 
pounds formed ong the oxidation, 
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INHIBITION OF THE CHAIN DECOMPOSITION OF POLYMERS 
BY DISRUPTING STRUCTURAL HOMOGENEITY THROUGH COPOLYMERIZATION ; 


G. P. Belonovskaya, E. Bresier, Corresponding Membes 
AN SSSR B, A. Dolgoplosk, A. T. Os*minskaya, and A, G. Popov 


Lastitute of High Moleculas Compounds, Academy of Sclences USSR 


It Is well known the additfon to a monomer A of a small amount of a more read{ly polymerizable monomes 
B has an Inhibiting effect on polymerizatioa(1), This fact can be explained on the basis that the radical ~B° at 
the end of the growing chalo has Ittle reactivity with respect to the main monomer A, The Introduction Inte 
monomer B of 2 certain amount of the less reactive monomer A has no substantial effect on polymerization kinase 
tics, The basic regularities spectfle for radical polymerization processes can also appear during thermal decome 
position of polymers by a chain mechanism, It would be expected that the Introductioa Into the homcpolymes 
chain of small smounts of a component having a different vied (A or B) would cause some inhibition of the 
thermal decomposition of the =. 


In the case of the chatn thermal decomposition of a homoe 
polymer as ~A~A~A-A--Aee Am A-A-~ each elementary act 
of cleavage of a monomer molecule from the polymer chafa Is 

mia] accompanied by the formation of a polymer free radical of the 

s2me type, Let us consider the case of the therma! decomposle 

ton of a polymer chain of A units contalning # certain amount 

L of B units, assuming that the radicals ~ A®° acd ~B° differ sub- 
stantially {a reactivity; ~A-A~-echaia 
composition, If the radical ~B° fs the more reactive, then the 
energy required to split off the A® unit {s not Just the energy He 
berated during the addition of an A unit during polymerization, 
but also Includes an additional amount of energy equal to the 
difference In the energies ~B® ~A® .B, In this case, decome 
position [s retarded at the stage -A* ~B° ~A-A-A~, If the rac 
Cical ~B> {s less reactive than the radical ~ As, then, by the same 
considerations, decomposition of the chain {s retarded at the stage 
*B°-A°-A-A-A-~. Consequently, the introduction of evens 
smal! nuinber of forelga monomer units into a macromolecule 
which decomposes by a chain mechanism must lead to an appre 
clable inhibition of thermal decomposition, and this inhiditios 


Fig. 1. Kinetics of the destruction of effect will be greater, the greater the difference between the rae 
methyl methacrylate copolymers undes dicals ~A° and ~B° with rerpect to thels reactivity, 

vacuum et 368°; 1) PMMA, 2) copolye 

mer of MMA + 1.52% MAA, 3) copoly- These considerations are confirmed by experimental dats 


mer of MMA ¢ 15% MAA, 4) polymetha- obtained during a study of the thermal decomposition of copolye 


5) copolymer of MMA ¢ 20% (MAA), 
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Fig. 2. Kinetics of the des- 
truction of methyl methacry- 
late copolymers In ale at 200°s 
1) PMMA, 2) copolymer of 
MMA with cltraconamide (40%), 
3) same with methyl methacry- 
lamide (407), 4) same with hy- 
droxymethyl methacrylamide 
(7%), 5) same with methacrylic 
acid (15%), 


Thermal decoinpusitton of the polymers was characterized by the 
kinetics of the evolution of gascous decomposition products by a previouse 


deserlbed method (2), 


As follows from Fig. 1, the Introduction into the polymethyl methae 

crylate cliain of only 1.5% MAA units had an effect on the kinetics of 

the decomposition of the polymer (Curves 1 and 2), This suggests that 
the length of the kinetic chain in the depolymerization of PMMA homoe 
polymer fs about 100, and the Introduction of an Insignificant amount of 
hetero units {Inhibits chain decomposition, When the MAA content of the 
copolymer was Increased to 15%, there was considerable suppression of 
chain decomposition; the decomposition rate decreased by a factor of 
epproximately 8 as compared to the homopolymer decompositionate 


(Fig. 1, Curves 1 and 3), The picture was similas {n the case of the co» 


polymer of MMA with methyl methacrylamide (Fig. 1, Curve 5), 


The compiex course of kinetic Curves 2,3, and 4 at the beginniog 
of the decomposition process merits attention, As shown previously (3), 
the appearance of the maxima, most sharply expressed In the case of 
PMAA homopolymer (Curve 4) Is connected with cyclization of nefghbore 
ing methacrylic acid units with the elimination of water aad the formas 
tlon of methacrylic anhydride, 


It ts well known that at high temperature (200° and above) {a alr, 
there {s rapid chain decomposition of PMMA, which fs Initlated by oxida- 
tlon reactions (2, 4). As follows from the data presented In Fig. 2, the foe 
troduction of hetero units lato the PMMA molecule sharply inhibits (by 
8 factor of approximately 10) the thermal destruction of the polymer,and 
the chemical nature of the hetero units studied exerts no specific effect 
at all on the kinctics of the destruction process, It {s evident that the 
increase {n thermal stability of the polymess {s linked only with the trace 
sitton from homopolymer to copolymer, | 


The method previously used (2) for the tnhibition of chain decomposition of PMMA by the addition to the 
polymer of certain vinyl derivatives which are capable of adding to the PMMA macroradical with the formation 
of a new, much less active maczoradical {s one case of the phenomenon considered here, 


ow 
Destruction. 

Fig. 3. Change tn molecular 
weight during thermal decom- 
position of copolymers of MAA 
and MMA; 1) copolymer of MMA ¢ 
15% MAA, 2) copolymer of MMA ¢ 
12 »MAA, 


Since Initiation of the thermal decomposition of PMMA proceeds 
chiefly by rupture of C—C bonds Inside the chain (2), ft can be assumed 
that In the cases of the copolymers studied {n the present work, Initiat{on 

of thermal destruction proceeds at the same rate for each copolymer, and 
the difference in the kinetics of the process must be due merely to a ead 
ference in the length of the kinetic chains, . ie 


Direct experimental proof of this assumption fs presented In Fig. 3, 
where curves showing the relative change In molecular weight wkh depth 
of decomposition are presented for copolymers of MMA with MAA, 


With the Introduction into the chain of the PMMA homopolymes 
of 15% methacrylic acid units, the chain depolymerization process was 

suppressed to a considerable extent, the acts of destruction were malay 
acts of bond rupture inside the poiymer chain, and the length of the kine- 
tic chain became very small, In this case, there was a sharp drop {a the 
molecular weight curve, and the curve asymptotically approached zero 
with an increase in the depth of decomposition (Fig. 3, Curve 1), Wher 
the content of hetero units was small, the destruction process proceeded 
chiefly by 8 chain mechanism (Fig. 3, Curve 2), and the decrease In moles 
cular welght took place considerably more slowly; the final moleculas 
weight was 200,000 ( a degree of polymerization of 200), Fragments of 
macromolecuies of this size are decomposed completely as a result of 8 


| 
hours 
. 
|. 
. 


single act of faittation (1.¢., the kinctle chain Jength is « 200), and there is no further decrease In the molecular 
weight, ; 
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CONDENSATION OF THE SODIUM SALT OF THE ETHYL ESTER 
OF 1,3-INDANEDIONE-2-CARBOXYLIC ACID 
WITH DIAZOTIZED 


yo. Gudrintetse, Academisiaa AN LatvSSR G. Ya. Vanag 
and L, Yu, Sakhae 


Riga Polytechnical institute 


1,3-Indaredione seadily reacts with aryldiazo compounds to form 2-arylhydrazones of Indanetsfone 
hydrindene) (1-9), which are usually called 2-arylezoindaneciones, The lterature comtains no on 
ton of 1,3-Indaneclone derlvatives with arylazo compounds, 


When the [ateracifon of arylazo compounds and esters of cyclohexanecerboxylle acids {s carried out ina 
neutral or weakly acid mediuin, arythycrazones of cyclanediones are formed (10-12), In strongly beste media, 
the reaction proceeds with cleavage of the ring, and arylhydrazones of kctodicarboxylfc acids are cbtained fa 8 
sclution of glacial acetic acid (12), During a search for physfologically active substances, and co-workess 
reacted an ester of 2-pipericone-3-carboxylic acid with a p-methexybenzcnedlazonlum sale and obtained an Ine 
azo compound (17), 


We favestigated the reaction products obtalned from the condensation of diazotized o-, m-, and p-nitroanie 
lines with the sodium salt of the ethy! ester of 1,3-indanedionc-2-carboxylic acid, The reaction apparently pro» 
ceeds with a shifting of the reactive center (18), and rot Sy 2 mechentsm (19, 20}, 


By carrying out the reacifon {a an acid medium, we obtained yeliow aryl2zo compounds (1), which were {n- 
soluble fo water and readily soluble in methanol, ethanol, acetore, ether, glacial scetic acid, and dioxane, The 
corssponding (Il) wese formed by heating the alcoholic sclutfone 


CuN—NH—Ae 


a—Ar pe 
b — Ar =0-G,H,NO,, 


2-(Nitropheny!) hydrazono-3 B-indanediones (II) were obtained when the condensation reaction was 
carried out an alkalice ‘ium (pHi ~ 8-9), 


The cthyl ester of carboxylic acid (1a) crystallized with one mole= 
cule of water from dilute ethanol, and gave a monooxime; 2- (il) was 
formed when the alccholic solution was refluxed, 


The ethyl ester of 2-(p-nitrephenyl)2z0-1,3-Indanedione-2-carboxylle acid (Ia) dissolved In alkalies. sia 
ing a red solution in which hydrolytic cleavage of the Indanedione ring occured with the formation of the sodium — 


4 
@ 
- e 
: 
| 
: i 
| 
a 
- 
> 
| 


salt of the cthyl estes of acld p-nittophenythydrazoney the solution was acid» 
fled, the acid ftself was obtained a8 @ yellow precipitate, : 


We were able to sso’ate the disodium salt (IV) of this acid by heating the azo ester (Ja) with sodium ethy- 
late ethanol; this product was sed, The monoammomium, and diplpesidine salts of this 
acid were also prepared, 


Acid (If) {s stable toward hydrolysis, and {t split out an ethoxy group only when refluxed for § hours ta 8 
mixture of acetic and sulfuric acids; this formed the p-nltrophenythydrazone of o-caiboxyphenylglyoxal (V)s 


™ 


Thus, we are the first to have obtained derivatives of cyctle B-diketon:s, undoubtedly puze ‘azo compounds, 
while the picviously de.celbed procucts of the condensation of -diketonss with aryldiazo compounds were 
arylhydrazoncs of &-trikctones or, more Mkely, tautomeric mixtures of the arylhydrazones of these triketonesand 
arylazo compounds of B-diketones, ‘ ; 


A further study of this reaction would permit clarification of the regularities Involved {a the formation of 
compounds of cyclic 8-dixctones, aud would aiso clarify the pozsloility of the latter compourds for 
the syathes!s of a sesles of n:w compounds, 


EXPERIMENTAL 


Ethyl ester of acid (fa). 
A solution of 7.2 g (0.03 mole) of the sodium salt of te ethyl ester of 1,3-Incaredione-2-carboxylic acid {a 
120 ml! of water was added to diazo:ized p-nitroaniline (6 g, 0.043 mole), and the mixture was allowed tostand 
for 2 hours at a temperature of O°, The product was rscrystallized twice from ethanol, and 7 g (64%) of the ethyl 
ester of 2-(p-nitropiienyl)azo-1,3-Indanedione-2-cazboxylic acid (1a) was obtained fn the form of yellow plates, 


M, p. 155°, 


The hydrate of (1a) was odtained in the form of cine ceedies by ——, of (Ia) from dilute ethas 


nol, M. p. 132°, 


Found %: 10,84; H 
Calculated te N 10,90; ito 


When the condensation was carrled out In an alkaline medium at a pH of about 8-9, 2-(p-nitrophenylyhy- 
drazono-1,3-indanedione was obtained, M. p. 310(Lit.s: 311-313°) 


2-(p-Nitrophenyl)hydrazono-1,3-Indanedione was also prepared by refluxing (1a) in alcoholic solution, 
Carbon dioxide was eliminated from the carboethoxy group when (Ia) was refluxed with water, The ethanol ree. 
mathed ta solution, as shown by icdoforn test, and 1,3-indanedione was 
M. p. 310° (Lit.s 311-313°) (9), 
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(1b) and (lc) were prepared ina sinvliat manner ftom the sodiuin salt of the ethyl ester of 1,3-Indanediones 
2-carboxylic acid and diazoilzed o- and m-nittoanilines, These were yellow crystalline substances which wese 
tecrystallizable from ethanol, M. p.s (Ib), 143°s (Se), 12%. 


Calculated (Ib) (IS) N 19,46 


The oxime of the ethyl ester of 2-(nitrophenyl)azo-1,3-indanedione-2-case 
boxylic acid was prepared by refluxing for tive hours an alcoholic soluiton of 0.73 § of (1a) with 0,22 g of 
hydroxylamine hydrochloride and 0,12 g of sodium hydroxide, Yellow crystals of the oxsme were obtained by ree 
crystallizing the crude from dtoxane or ethanol, M, p, 207%, 


Found N 16,63 
Calculated Ge N 14°68 


Hydrolytic cleavage of the ethyl ester of 2-(p-nitrophenyl)-azo-1,3- Indases 
dione-2-carboxylic acid (la) with sodium ethylate. 10 ¢ of azo ester (Ia) was tefluxed fos 
3.5 hours In a ‘solution of 1% sodium cthylate, The reac:ion mixture was then allowed to stand overnight, The 
red crystals of the disodium salt (IV) were dissolved In water, and the solution was acidified with hydrochloric 
acid, Fecryttallization of the crude product from glecial acetic acid gave 8.5 g (80%) of yellow crystals of the 
p-nitrophenylhydrazoxe of the ethyl ester of acid (1M), 


Found N49, 


The disodium salt (IV) could not be recrystallized, since ft er readily; therefore, the results of 
the analysis for nitrogen are somewhat 


Calculated & N 9,39. 


Azo ester (1a) fs clro hydrolytically cleaved with the formation of (II) by a soluticn of sodfum hydroxide 
and even by a sodium bicarbonate solution, 


p-titrophenylthydrazone of o- carboxyphenyt glycxal (V). 0.8 g of (311) was heated te 
boiling with 50 mil of glaciz} acetic acid and 50 ral of cilute suifuric acid (1%) for S hours, 0.2 of soft browne 
fish needles of the p-niticpkenylhydrazone of o-carboxyphenylglyoxal (V) was obtained, 1: was soluble {n sodium 
bicarbonate solution, M, p, 225-226", | 


Found%: WN $3,598 
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THE SYNTHESIS OF SOME CARBON-SUBSTITUTED RHAMNOSES 


Yu. 4. Zhdancv, G. A. Korol*’chenko, and t. A. Kubasskays 
- Rostov-on-the-Don State Univenity 
(Presented by Academician A, L, Cparin, June 18, 1959). 


At the present time, the only known carbon-substituted derivatives of carbohydrates are those of glucose, 
xylose, mannose, aratinose, and galactose, As a result of syntheses carried out by the prezent acthors, thisseries 
has been extended to cerlvatives of L-rhamnose, a carbohydrate which {s widely distributed fn nature, C-substfe 
tuted rhamnoses were prepared by the interzction of with organomagnesium compounds, 
and {ts acetate, acd l-allyl-1-desoxye 
2,3, were synthesized, The latter compound was subjected to conversions, which ree 
sulted In the preparation of the dibrcmi¢e and the mercuratcd Cerlvative, the first ia 
the sugar serfes, 


The general type of these compounds {s shown by the following structures 


EXPERIMENTAL 


L-shamrore tetraacetate was prepared by acetylation of the carbohydrate with acetle anhydride fn pyridine 
(1). After acctylation, the reaction mixture was poured Into water, and the product was extracted with chloroformg | 
the chloroform solution was washed, dried over cziclum chloride, ard uscd for the preparation of chivroacetothame 
nose without the separation of the syrup-Iike tetraacetate, The @-chloroacctorhamnose was prepa: 4 by the ace 
ton of PCI, and AlCl; on the rhamnose tetraacetate fa chloroform (2), The yleld of was 
of theoretical. 


An ether solution of S g (0.016 mole) of 
chloroacctorhamnose was added cropwise over a period of 40 minutes to an ether solution of phenylmagnesium 
bromi¢s prepared from 3.88 g (0.16 g-atom) of magnesium and 25.2 g (0.16 moie) of bromobenzene, The reace 
ticn mixture was’stirred for 3 hours at room temperature, and was then heated with stirsing for § hours, Upos 
completion of the reaction, water and ascetic acid were added to the mixture, and the water layer was separated 
and evaporated to dryness, The dry residue was acetylated with acetic anhydride in the presence of sodium acee 
tate, The acetylated product was extracted with ether, Evaporation of the ether yielded 2.75 8 (48.4% of theo» — 
retical) of product {n the form of a tran:parcnt syrup, which could not be crystallized, , 


The product was oxidized with alkaline permanganate, and benzofe acid was identified as an oxidation 
product, The substance was soluble in ether, methznol, and hot ethyl and {sopropyl alcohols and insoluble fe 
water and poudeun ether, The substance {s described here for _ first time, 
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Found 100,04 
1 of the phenylshammose trlacctate described was dite 
solved In 50 ml of absolute methanol, and the alcoholic solution was saturated with ammonta (8 g increase ia 
welght) and allowed to stand overnight, The methanol was thea evaporated, and the residue was washed with 
warm ether to remove the acetamide and recrystallized from methyl acetate, 0,54 g (84% of theoretical) of 8 
light, transparent syrup was obtained, and this was converted by prolonged storage In a vacuum desiccator over 
phosphorus pentoxi fe to a caramel-Ike, viscous product, Oxidation of this product gave benzole acid, The whe 
stance was soluble In water, methanol, and pysidine and {o:oluble in ether and petroleum ether, 


The substance {Is described hese for the first time, 


Found % 
Calculated C 64,2 


1-p-Toyl-1- -2,3, 4-trlacetylshamnose, To 3.88 g (0.16 g-atom) 
was added an ether solution of 27.36 g (0.16 mole) of p-bromotoluene, and to the resulting solution was added 
dropwise and with stirring an ether solution of S g (0,016 molc) of chloroacetothamnose, Furchee treatment was 


carried out as in the case of phenylacetorhamnoss, 

There was obtained 1.74 g (30% of theoretical) of a light syrup, which ylelded terephthalle acid when oxfe 
dized, The substance was soluble In ether and methanol and Insoluble in water and pstroleum ether, The subd- 
stance descilbed here for the first time, 


Found ga: C 62,31; H 6,88 
C G2, ‘63; H 659 


1-Allyl-1- ~desoxy-2,3 3, 4- trtacetyl char: nose, Toa solution of $ g (0.016 mole) of chioro- 
acetorhamnose In 70 ml of absolute ether was added 24.4 g (0.21 mole) of allyl bromide fa 60 ml of adzoluts 
ether, Half of the r2sulting mixture was added to S.1 g (0.21 g-atom) of magneslum turnings, The second half 
was added dropwise with stissing, The reaction mixture was stirred for 2 hous at coor temperature and then for 
5 hours while being heated on a water bath, Upon completion of the reaction, the mixture was decomposed with 
water and dilute acctle acid, and the aqueous layer was separated and evaporated to dryness under water-aspirator 
vacuum, The dry residue was acetylated with acetic anhydride in 10 ml of pyridine, The acetylated product was 

. extracted with ether and the ether extract was washed with a dilute solutioa of H,SO,, water, and a saturates 
solution of sodium bicarbonate, and dried over calcium chloride. 


There was obtained 2.3 g (45% of theoretical) of a syrup irom which we were abls to Isolate 0.61 g of 8 
crystalline product with an m, p. of $9-60°, The substance Is described here for the first time. - 


Found %: C 56,55; H 7,2% 
CisH30>. Calculated %: C 57,32; H 7,00 


0.6 g of the allylacetorhamnose 
described above was dissolved in 8 ml of acetic acid; 0.15 ml of bromine was added to the solution, and the 
mixture was allowed to stand for 1 hour. The mixture was then poured into water, and the product was extracted 
with ether; the ether extract was washed with soda solution ard water and dried over sodium sulfate, There was 
obtained 0.68 g (75% of theoretical) of a sem{-Iiquid product from which was {isolated 0.22 g of crystalline iso- 
mer with an m, p. of 143-144°, The substance was soluble {n alcohol and ether and Insoluble in water and pee 
troleum ether, 34.31% Br was found by analysis “es calcium oxide (6r calculated, 33.7%), The substance fs 
described hese for the first time, ‘ <4 
Mercury derivative of allylacctorkamnose,. 1.4 of allylacetorhamnose was dissolved ia 
8 ml of acetic acid, and to the solution was added a solution of 1.5 g of mercuric acetate in 15 ml of acetic . 
acid (4), The mixture was heated at 65-75° on a water bath hours; the’ solution was then poured Into 
ter, and the precipitate was filtered, washed with ether, and aned over phosphorus pentoxide, A crystalline ma- . 
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teslal was obtaliicd which did not meit when heated to 300°. Analysis of the product for mescury by the iia 
nate incthud showed 34,937 My (ig calculated, 31,267), This couctponds to the formulas 


ch 

A 12-hour treatinent of an aqueous acette acid solution of the substance with a saturated solution of so= 
dium chloride gave the insoluble chloromercurle dsrlvativeof allylacetorhamnose, Analysis fos chlorine 
4.99% (calculated, 5.14%), The substance ts described here for the first time, | 
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ON THE CONCURRENT FORMATION OF 
FIVE- AND SIX-MEMBERED RINGS FROM PARAFPINS - : 
(Cg- AND Cg-DEHYDROCYCLIZATION) OVER PLATINIZED CARBON 


Academician A. Kazanskil, A. L. 
G. V. Loza fad T. V. Vasiaa 


N, D, Zelinsk{: Institute of Organte Chemistry 


In 1936, P, A, Kazsnskif and A, F, Plate showed that, at 300° and over platirnized casbon, paraffinte hydso= 
carbons undergo dehydrocyclization with the formation of aromatic hydrocartons (1). Judging from the structure 
of these aromatics, they must have been formed by elrect closuse of the pen hydrocarbon cane to 2 six-meme 
bered ring without any {ntermedfate chata fsomesization (2}, 


It was later shown thet {n the presence of platinum, the pataffin {s fist converted to the corresponding eye 
elohexane hyd:ocarton, which {s then converted to an aromatic by subsequent dehydrogenation (3, 4}, 


In 1954, {t was established that during the dehydrogenation of n-heptane and a-octane under the conditions 
indicated abcve, In addition to aromatic hydrocarbons, the corresponding cyclopentzne homologs ase also fonneds 
fa this process, the yleld of cyclopentanes even exceeded the yleld of aromatic hydrocarbons (5, 6). The formas 
tlon of cyclepentane hydrccartons occurred to a particularly appreciable extent when the feed consisted of those 
branched pazaffins which contain five carbon atoms In thelr msin chain, for example, l:ooctans (2,2,4-trimethyf%e 
pentane) and 3-ethylpentans (7-9), However, fn this case, atomatic hydrocarbors are fonned along with the cys 
clopzntanes, The mechanism by which the aromatics are formed must te coniplex; specifically, there mus 
efther take place preliminary {somerization of the paraffin with the formation of a longer chain, which canthes 
be clored directly to a six-membered ifag, or the aromatic hydrocarbons must be formed from cyclopentanes, 
The fiist hypothesls {s {mprodadle, since the fsomerized paraffins should yleld the cyclopentane hemologs of 
corresponding structure, and this fs not observed, The second hypothes!s has been conflimed by experiment, as 
will be shown below, ° 


Actually, the product from fsooctane contains only one cyclopentans hydrocarbon (8) ~ 1,1,3-triinethyleye 
clopentane = and three cromatics m-xylene, p-xylene, and toluene — (the three latter compounds relative 
amounts of 62,34, and 4% respectively), At present, the formation of m- and — from 1,1,3-trimethylcye 
clopentane {s ied represented by the following schemes 


in which the five-membered ring {s expanded at the expense of one of the gem-methyl groups, Ring expansioa 
at the expense of the lone methyl group must be subordinate since in this case, the formation of 1,1-dimethylcye 
clohexane would be expected, and this, under the conditions of the reaction, would yleld chicfly tolucne, signifie 
cantly less o-xylene, still less m-xylenc (in a ratio of 25:531), and no p-xylene at all (20), 


; 
1 


The hypothesls that aromatics ate formed by expauston of a five-membered ting ts confirmed by the fact 
that when 2,2,3-trlmethylpentane was contacted with platinized carbon under the same conditions as in the case 
ef lsooctane, the resulting aromatic hydrocarbons comprised 667% m-xylene and 26% o-xylene; p-xylene was ale 

“most completely absent, This can be scadily understood ff it {s sccalled that 2,2,3-trimethylpcatane forms 1,1,2- 
tlmethylcyclopeatane (12), the five-membered ting of which can expand with the formation of o- and m-xylenes 


according to 


It must be pointed out that there Is no specific proof in the Itcrature of the possibility of expansion of a 
fiveemembered hydrocarbon ring when such simple systems are contacted with platinized carbon under such mild 
conditions (300-310°, space rate 0.2 as in the cases enumerated above, although such expansion would 

be expected (J), Similar conversions have been noted only for more complex polynucleat systems having at 

least one benzene lng. Morcover, It has even been scported that 1,1-dlalkylcyclopentancs remata unchanged 
under similar conditions in the absence of a carrier gas, and react with expansion of the ring only In a strcarm of 
hydrogen (12), 

Therefore, we undertook a direct experinicnt with 1 in the absence of a carrier 
gas; this experiment showed that lng expansion actually does take place with the formation of the same aromate 
hydrocarbons a3 are formed from | Iscoctane, though In a sorsewhat different ratlo (moxylene/p-xylene 18 1). 
We previously observed the formation of a very small amount of aromatics froin a-propylcyclopcatane (6), Ia 
the present work, parallel experiments were carried out with and n-propylcyclopen- 
tane under the same conditfons, and these experiments showed that considcrably more aromatics are obtained 
from the first hydrocarbon then from the second, This is in agreement with the above statement lig the 
predominance of ring expansion at the expense of gem-methyl groups, 


From the above discuss{on, the question atlses as to whether aromatic hydrocarbons init froin paraffins | 
containing six of moze carbon atoins in a a t chain are not forined through Intermediate products having a 
five-membered ring. Such a 


proposal has app*ared in the Iterature, although It was not experimentally proved (13, 14), Since it was not 
sible at the time of the present investigation to study the behavior in this regard of paraffins havirg a large nume 
ber of carbon atoms, we turned to 2,5-dimethylhexane (I), the aromatization of which was previously studied by 
us In some Cetafl (1,3). If in this case aromatization proceeds through an Intermediate stage In which acyclo- 
pentane hydrocarbon {s formed, the primary product should be the same as that formed from Isooctane (III), 1,1,3- 
trimethylcyclopentane (II), and consequently, the composition of the aromatics obtained from 2,5-dimethylIhexe 

ane and {sooctane should be closely similar or identical. If 2,5-dimethylhexane cioses directly to a six-membered 
ting, the sole aromatization product should be p-xylene, and m-xylens should be absent, It is natural that 2,5-- 
dimethylhexane, like other paraffins, should undergo some cehydrocyclization with the formation of a flve-meme 
bered ring, and, therefore, a certain amount of aromatic hydrocarbons could be formed from the resulting 1,13 
trimethylcyciopentane independently of other routes of formation, Consequently, the presence of m-xylere is 

the cyclization products {s quite probable, but its fraction In te 3 product mixture — depend on whether the . 
dizect formation of a six-membered ring fs possible, 


The experiment showed that the aromatics formed from 2,5-dlmethythexane consist of 95% p-xylene and - 
only S% 2A 18% The constants of the catalyzate after the removal of the aromatics were —— higher, 


cit, ct, He CH CH, cH, é 
693 


which suggests the presence of about 67 1,1,3-ilmethyleyclopentane, Thus, in the case of 2,5-dimethylhexane, 
a large part of the aromatics was forined by the discct closure of the paraffin chain to a sixemembered ting, and — 
not through the Intermediate formation of a cyclopentane hydrocatton, Conscauently, the assumption that thig 
stage {s requized in the formation of aromatic hydrocarbons from paraffins of any chain length {s incozrect, This 
give us the sight to assume that, under the conditions used In the present work, two independent paraffin cyclizac: 
tlon reactions can occur concurrently, one resulting fn the formation of # five-membered sing, which we pros 
pose to call G-dehydrocyclization, and one resulting tn the formation of asix-membered ring, f.c., Cy-dehydro- 
cyclization, We shall use these terms in our future communications, 


EXPERIMENTAL 


The orfginal hydrocarbons were carcfully purtfled by distillation {a columns having an efficiency 
of 100 thecretical plates and by chioinatography, Their constants were {n good agrcement with the Iterature’ 
values (15), 


‘The catalyst used In all experiments, except the experimenu ‘th a-propytcyclopentane, was freshly pree 
pared platinized carbon (207% Pt), It was prepared by the method due to Zelinskil (16) by reduction of HyPtCg 
with formaldehyde {n an alkaline medium, The experiments were carried out {n a a glass tube at 310°, The hye 
drocarbons investigated were passed over the catalyst at 3 space rate of 0,2 hours”! without a carer gas, The 
catalyzate was collected, weighed, and {ts constants were determined, after which {t wes chromatographed o& 
silica gel, One fraction was collected until aromatics or unsaturates appeared fn the eluate, and anothers 1 oe 3 
fractions were collected until the hydrocarbons had been displaced fioin the adsorbent, The olefin content of 
the catalyzate was determined by bromine nu.nber, the aromatics were determined from the difference {a refrace 
ve index before and after chromatographing, and the cyclopentanes were determined from the difference in sefe 
sactive Index of the chromategraphed catalyzate and that of wie orlginal hydrocarbon, The aromatic fractions 
were washed free of a small amount of zlcohol which had been used as a displacing quid during the chromato» 
gtaphic separation, and were Investigated by Raman spectroscopy ® . 


Aromatic hydrocarbons from fsooctane. 95.1 of Isooctane p. 99.2°/769 mm, n 1.3918, 
4," 0.6215) was youre over 60 ml of catalyst, The catalyzate (93.4 g, 98.2% yleld, nj} 1.3984) contained about 
4% aromatics,3% olefins, and 13,$% 1,1,3- Chromatographing of the catalyzate yielded 
Fraction I 1.3942) > .4 Fraction II (3.7 g, njy 1.4858, 0.8452), Spectroscopte anzlysis of Fraction showed 
that the aromatics pres it consisted of 627 m-xylene, 24% p-xylene, 4% tolucne, and traces of o- xylene, 


Atomatic irom 2,2,3-trimethylpentane, 129.4 g of 
tane 109. 8°/760 mm, £1,400, 0.7105) was passed over 100 mil of catalyst. The catalyzate (123.0 g 
98.97 yleld, nis 1. 4068) coatzined 2,5% aromatic hydrocarbons, 4 «Sie olefins, and 1,1,2-trimeth tyicyclopea= 
tare, Chromatograrhing of this catalyzaie yiclecd Fraction (ais 1.4041) and Frection (4.1 g, 1.4660, 
0.8123). Spectroscopte analysis of Fraction If showed that the ¢romatle hydrocarbons present consisted of 
26% o-xylene, 6% toluene, and traces of p-xylens, 


0.7065) aromatic $, 1.5% olefins, and, judging from the constants of the 
gtaphed catalyzate, 5% 1,1,3- 27.0 g of this ste was cluomatographed to yield 
Fraction 1 (23.8 g, 1.3935, d4°0.6950) and Fraction II (2.4 g, 1.4779 Spectroscopic analysis 
of Fraction II showed that the aromatics present consisted of 95% p-xylene and 5% m-xylene, It was not possible 
to obtain positive spectroscopic proof of the presence of 1 1,3-urlmethylcyclopentane in Fraction I, since the 
coresponding to this hydrocarbon were weak, 


Expansion of the ring of 1,1,3-trlinethylcyclopentane, 13.6 g of 1 
tane (b. p. 104 -$°/760 mm, ny 1.4112 dy” 0.7483) was passed over 10 ml of catalyst, The catalyzate (13.4 g, 
98.5% yleld, njy 1 4172) contained 9% aromatics and 4% aan, Chromatographing of this 
Fraction J (10.0 4 ny 1.4095, 0.7442), Friction (1.1 g, ny 4103) and Fraction (1.0 g, n 1.4807, dae 
0.8405). Spectroscopic analysis of Fraction iI showed that the, atomatics present consisted of Pa m-xylene and 
p-xylene, 


*All spectroscopic Investigations reported in the present paper were cartied out by V. T. Aleksanyan and kh. £, ° 
Sterin, science students at the Commission of Spectroscopy, Acadcmy of Sclenccs, USSR; we express ous deep 
appreciation for their aid in this work, 


‘ e 


when freshly prepared catalyst was uscd would not permit comparison of two poe hydrocarbons with one pote 
tlon of catalyst, Therefore, lsooctane was passed over 10 ml of catalyst under ths usual experimental conditions 
until the catalyst activity became constant (12.5% cyclization of the {sooctane), The Iscoctane was thea flushed 
from the catalyst with n-pentane and then ep hydrogen, 6.2 g portions of 1,1,3-trimethyleyclopentans and a 
ptopyleyclepentane (b. p. 130.9°/760 mm, nis 1.4263, 0.7763) were then pasted In tura over the catalyst; fa 
the Interval between the two feeds, the scstdual hydrocarbon was NMushed from the catalyst with n-pentane and 
hydrogen, The catalyzates, which were obtained with yields of 88,6-88,7%, had the following propertiens the 
catalyzate froin 1,1,3-tsimethylcyclopentane ny 1,4160, 0.7527, after chromatog, grap! ming had 51,4101 and 
consequently, contained aromatics; the catalyzate from n-propylcyclopentanc ny 1.4260, 0.7744 and after 
chromatographing had nD 1,4254 f.e., tt contained not more than 1% aromatic hydrocarbons, 
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CHLORINATION OF MONOCHLOROPROPANES 


B, A. Krentsel®, Academician A. V. 
Topchiev, and D. 


Io considering the effect of the structure of paraffinic hydrocarbons on the course of hydrocarbon chiorinae 
tion, the order of replacement of hydrogen atoms by chlorine during the chlorination of monochloro Cerivatives 
to dichloro derivatives {s of substantial Interest, The many fave:tigaters studying this problem have taken differs ° 
ent points of view, In papers by Hass cod McEce (1, 2) ft was asserted that 2 chlorine atom ettached to a carbos 
atom hindered further addition of chlorine to that carboa atom during vapor-phase chlorination, However, this 
position Is incorrect, In particular, it {s not {n egreement with the carlice statements of Fegnault (3) and Staves 

(4), who asserted that during the chlo:Inatfon of monochlero derivatives of paraffinic hydsocsstons,the second 
chlorine atom replaces a hydrogen attached to the s.me carbon atom as the first chlorine, Oa the other hand, 
Mayer (5S), studying the chlorination of crganic compounds, pofuted out thai the second chicrine atom replaces 

a hydrogen at a carbon adjacent a catloa already attached to 2 chlorine, Stmilas results were obtafaed by Herze 
felder (6), who also studied the chlorination of hydrocatboas by antlinony peatachloside, However, he also noted 
that {n many cases, 1,1-dichloro derivatives are obtained, ; 


Muskat and Northrup (7) found during the photochemical chlerination of monochlorobutzne fa the vse 
por phase, ail possible dichloro derivatives are formed including 167 1,1-dichloro-, 23% 1,2-dichloro-, 26% 1,8 
dichloro, and 7.4% 1,4-dichlorobutane, 


Vaughan and Rust (8) showed that the ternperature at which the chlorination Is carried out has a specific 
effect on the ratios of fsomeric dichlorices, Thus, uring thermal chloricatfon of ethyl chlonde there was an fae 
crease In the yleld of 1,1-dichloroethane (a3 compared to the amourt of 1,2-dichloroethane formed) with en fae 
crease In temperature, It fs curious that these same authors observed the {cr:nation of significant amounts of 


TABLE 2 
Thermal Chlorination of Chloropropanes 


| Prod. coinpn., wt., | Dichloride compn., wt. 

3 |% Crom data)| % of total dichforides 

2] cnioride Sai 3 
ee te e 8 

22|1-chloropropang 47 | 305 | 69,9} 25,2] 49,0] 25,8] — | 25,9] 43,7 | 20,6 
23} 1-chioropropara 34 | 342 | 46,8] 20,9 | 45,2] 43,9] — | 23,2 | 39,8 | 37,0 
44 340 | 46,6 | 18,9 | 41,0] 40,4 — [45,2] 
24|2-chloroprepang 33 | 3202 | 45.3 | 15,3 | 66,71 18,0] 60,2] —— | 39,8] 
26|2-chloropropa 17 | 302 | 21,3 | 14,1 | 65,8 | 20,4 | 47,4] — [52.0] — 
25|2-chloroprepang 40 | 342 | 53,8 | 21,3 | 62,0 | 16,7 | — | 38,9) 


1,1,1-trichloroethane during the further chlorination of 1,1-dichlorcethane (fn a mixture with 1,2-dichloroethane), 


Thus contrary to the rule of Mcfce and Hass, the formaticn not only of 1,1-dickloro dcrivatives, but also — a 
of 1,1,1-trichloro derivatives is possible, 
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Ia delincating the ph:nomenon of the vinyl effect during the chlorination of hydrocarbons, Tishchenko 
and Churbakov (9) were also led to the conclusion that the formation of 1,1-substituted derivatives is _— 
during the chlorination of monochloro deslvatives, 


“EXPERIMENTAL 


The present paper describes an experimental study of the chlorination of tsomedte 
which were prlotly prepared by thermal chlorination of propane, 


ta the first series of expesiments, thernal chlorinatlor of monochloropropanes was carrled out In an appse 
tatus similar to that used for the thermal chlorination of propane (10), The chlorination was carried out at teme 
peratures of 309-340" and at a ratio of chloride to chlorins of 131 (by volume), 


The reaction products which condensed In the receiving system, after sppropriate careful treatment (wash 
ing, drying, etc.), were subjected to precise distillation In a fractlonation column (20 theoretical plates), and 
the resulting fractlons were charactecized by thelr physicochemical properties, In addition, the following di- 
chloropropancs were Identifled by chemical means In the various fractions; 1,3-dichloropropane, identified 
through the corresponding propancdiol obtained by hydrolysis with aqueous potasslum ate by a method dee 
seribedinthe Iterature, and 1,2- and 2,2-dichlozopropanzs, identified by thelr condensation products with 
zene, 1,1-Dichloroprapane was Identified from {ts physicochemical properties, The sesults of the experiments 
on the thermal chlorination of lsomeric chloropropanes are presented fa Table 21, 


TABLE 2 
Physicochemical Properties of the Dichloropropanes 


Z,2-Dichlara- |1,2-Dichloro- 


Experimental data 1,4127 [1,0905) $,4292 [1.1325] 41,4390 ,4510)1, 1989 


1,417 |1,0015] 21,4283 [t,1321] 14,4383 ]1,1545]1, 452011, 1088 


‘The methods used for the distitlation and separation of the varlous dichloropropane fractions guaranteed 
that products of a sufficiently high degree of purity would be obtained; that such was the case {s shown by the 
data of Table 2, 


L34c 


§ 


Ti,id 


; 
Fig. 1, Distillation curves of the "Fig. 2, Distillation curves of the 
dichloropropanes produced by photo- dichloropropanes produced by pho» 
emical chlorinatica of 1-chloro- tochemical chlorination of 2-chlore 
propane (cp — chtoropropane, dcp _ Propane (cp chloropropane, dcp P 
dichloropropane), gs _dichloropropane}, 


. 
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As shown by the experimental data presented before only 1,l+, 1,2+, and 1,3-dichloropropancs were formed 
by the thermal interaction of 1-chloropropane with chlorine, 2,2-Dichloropropane was not forincd, which sudle 
cates the absence of pyrolysis under the conditions of the experiments, A considerable amount of 2,2-dichloroe 
propane end somewhat Ics of the 1,2-dichloro compound were formed during thermal chlorination of 2-chloroe 
ptopane, These data once agala confirm the formation of a,a°- derivatives during chlorination of chloroalkanes, 


The observations made during the photochemical chiosinatloa of chtoropropanes were very interesting, 


The photochemical chlorination was carted out {n a manner designed to avold the formation of trie and 
polychlorides; the chlorine was passed {nto the reaction mixture in an amount of 50-80% of that theoreticallyree . 
Quired for the formation of dichloro ccrivatives, The resul'ing reaction products were treated and Identified 


TABLE 3 - 
Photochemical Chlorination of Monochtoropropanes 


(of total dichlorides _[(of total dichlorides) 


We, of chloride 


of theor, for 


dichloro 
Prod. obtzine 


Prod. compn., wt.% |Dichloropropane compn., 


as 


D 
@ 
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in the manner described sbove for the thermal chlo:ination products, The results of tle experiments on che pho» 
tochemical chlorination of ch!oropropanes are presented in Table 3, Distillation curves of the dichlorides ob- 
tained are presented In Figures 1 and 2, . 


The average fsomer compcsition of the resulting dichloropropanes is characterized by the data presented 
{a Table 4, 
TABLE 4 

Average Composition of Dichloropropanes 


Average content in chlorination products, % 


Original 
monochloropropane | 1,1-dichloro- | 1,2-dichloro- | 1,3-dichloro | 2,2-dichloro- 
: propane propane propane propens 


1- Chloropropane 18 59 26 
e 4 
2-Chloropropans 4h - 


1-Chloropropane 
170} 116 68 
173 136 
482] 117 $3 
194] 147 57 ‘ 
17] 117 72 
2-Chloropropane 
q7i iif 79 
«(144 51 
87] 114 ca 
{94 144 58 
118] 443 6 
H 
5? 


. 


a 


Thus, the position of the chlorine atom ina chloroalkane molecule has a substantial effect on the order 
of succeeding scylaccmcut of hydrogen by chlorine, 


In the case of 2-chlotopropane, the major amount of the chlorine replaces hydrogen at the carbon atom 
already attached to a clilorine, and 2,2-dichloropropane {3 formed In predominant amount, In the chlorinatloa 
of 1-chloropropane, seplacement of hyd:ogen by chlorine preferentlally procecds so that 1,2-dichloropopane ts 
formed, This fact ts explained by the difference tn the electzonie structures of the Isomeric alkyl chlorides, 
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APPLICATION OF THE HAMMETT EQUATION 
TO ISOTOPIC HYDROGEN-EXCHANGE REACTIONS 


Correspouding Member AN SSSR N, Kursanoy, 
V. 1. Zdanovich, and Z, N, Pasaes 


Institute of Heteroorganic Compounds of USSR 


The present work was devoted to an Investigation of the effect of anaes on the mobility of hydrogea 
of the methyl group of para-substituted acetophenonets 


$-cocn, 
The dest method of studying the mobility of hydrogen atoms fs by hydrogen exchange, 


An advantage of the {sotople exchange thod fs that the (nltfal and final substances are chemically 
tleal, The reaction medium remains unchanged throughout the entire reaction, . 


From this same potnt of view, a sccond advantage of the hydrogen-exchange method {s that the size of the 
substituent (ceuterium) Is very small; hence sierle factoa can:.ot te ta this seaction, 


#3 {s well known, the Hammett equation (1) establishes a quantitative relationship between the reactivity 


of compounds of the benzene serles and the nature of substitucats fn the para of meta position, » 


log 
where K Is the rezction r-te (or cquil{brium) constant of the substituted comzourd, Ky fs the reaction sate (o8 
equitibrium) constant of the unsubstituied ecmpound, o Is the substituent constznt and depends only cn the nae 


ture of the subsiftuent and [ts position {a the benzene ring, and p Is a constant {cx the specific reaction and dee 
termines the sensitivity of the reaction to the effect of the substituent, 


However, although the applicability of Hammett’sequatios 
has been Investigated {<r mary (2), up to the present 
time this equation has not teen zpplied to fsotopic hydrogen-exze 
change reactions," We have studied the applicability of the Hame 
mett equation to rezctions of para sudstituted 
acetophenones alkaline medium, 


The hydrogen exchange zeactions were carried out a mee 
dium of absolute deutericetharal used considerable excess, 
unver the influence of so¢ium ethylate as a cacalyst. The fire 
orcer reactfon rate cocstants were determined at 20° for hydrogene 
dcuterium exchange of acetophenone and some of its para-substie 
tuted derivatives, nitro-, brome-, dimethyJamino-, and methoxye 
acetophenones, and of p-acetyitiphenyl and 4-nitro-4°-acetylbie 
phenyl, which were ccrsizezed es cesivatives of acetophenone 
(sce Table 1), 


@#6++232 468 @ 
Fig 


TABLE 1 


e 
Melting polat, °C Substituers ta 


Itlon of 
initial ketone pata pos 
ketone recovered acetophenone 


Acetophenone (d. po 
(3.624 0.28)°10°8 
p- Nitroacetophenone 79.7-80.1 | (3.0420.09)°10" 
p-Bromnoacetophenone $2.5-53.0 | 52.5-53.0 | 
p-Methoxyacctop"enone 37.8-38.$  |37.2-37.6 | (1.3920.16)°107% 
p-DimethylemInoacetophenune| 105.2-105.7 | 105.7-106.4 | (1.622 0.17) 1078 
p-Acetylbiphenyt 122,0-122,5 | 122.0-122,5 | (3.6220.26)°10° 
153.4-159.9 | 153,0-154,1 | (6.6920.57)° 107%] | 


* The valucs of o paca were taken from the tables of McDaniel and Crown (3) except foe the value of o fos 
which was takea from the paper by Berlinse 


A gtaph was s plotted showing the dependence of the logarithm of the reaction rate constant for hydrogea 
exchange of the substituted acetophenones on the substituent constant 0, for the para position, As seen from 
Fig. 1, this dependence {s Iineae, 


It has thus been shown that the Hammett equation Is obeyed for hydrogea exchange reactions of substituted 


acetophenones In an alkaline medium, The value of p found for this reaction Is 1.43, The correlation coefM- 


clent, r, Is 0.99, 


EXPERIMENTAL 


The hydrogen exchange reaction was catried out in a medium of absolute devtesloethanol (with a deutere 
lum content fn the hydroxy? of 8-9 atom %), which acted as the solvent and deuterium donor, The deutericetha- 
col was used In considerable excess, 1 mole of ketone for 200-806 moles of ceuterated alcohol, depending oa - 
the solubility of the ketone, Using acetophenone, it was shown that under these conditions, the first order reace 
Yon sate constant for the hycrogen exchange does not change when the amouat of deuterated alcohol used fs 
changed by a factor of 4, 


Speclal experiments showed that hydrogen exchange does not occur between ketones and deuterated alco- 
hol in the absence of a catalyst. A solution of sodiusn eth: tate tn Ceuterioetharnol was used as the catalyst, Ie 
the cetermination of catalyst concentration, the sodium ethylate was neutralized with an excess of potassium 
bilodate, KIO, *HIO,, used as a monobasic acid, and the excess bilodate was determined lodometrically. 


The hydrogen exchange reaction was carsied out by adding to the solution of ketone {a deuterloethancl 
& solution of catalyst {n an amount such that the total concentration of sodium ethylate in the reaction solutios 
was 0.00036 N, The time at which reaction began was taken as ths time at which the catalyst was added, 


Samples weie collected by forcing part of the solution from the reaction flask with dry nitrogen, The hy- 
drogen exchange reaction was stopped either by cooling to ~80° or by dilution with water (25-fold), 


The reaction was stopped by cooling to -80° when the ketone was p-nitroacetophenone, 4-nitro-4"-a 
biphenyl, p-dimethylaminoacetophenone, or p-acetylbiphenyl, In this case, the ketones precipitated, Ic che 
case of acetophenone, p-bromoacetophenone, and p-methoxyacetophenone, the reaction was stopped by dilution, 


Control experiments showed that either cooling to -80° or 25-fold dilution with water effectively stopped 
the hydrogen-exchange reaction, . 


Determination of the dzutertum content was carried out by the falling drop method, The ioonten rate 
Constants presented In Table 1 are ——— averages of 8-10 measurement, | 


ry 
Ketone 
NQ 0.778 
Be 0,23 
|-0.89 
Cl ~0.01 
7 | 0,223 
— 
e | 
. 
. 
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THE REARRANGEMENT OF ESTERS OF &K*HYDROXY ALKANEPHOSPHONIC ACIDS 
TO THE ISOMERIC PHOSPHATES. 


V. A. Kukhtlo, &. Abramov, and K, M, Orekhovs 
S, M, Kirov Kazan Chemical Technological Institute 

Kazan Branch of the Cinematography Scientific Research Institute 

; (Presented by Academician B, A, Arbuzov, June 12, 1959) 


Alkaline dehy drochtorination of esters of &-hydroxy-B-haloalkanephosphonie acids yfelds both the nose 
mal products = esters of epoxyalkanephosphonie acids — as shown by B, A, Arbuzov and co-workers (1) and oy 
V. S, Abramov and A, S, Kapustina (2), end also searrang: ment products = unsaturated esters of phosphoric acié 


(3. 4}. 


——-. (RO); P —-O--CH = 
OH 


According to Bengelsdorf (5), such a rearrangement can take place only If X {s capabte of elfm!{nation as 
aa anfon, In other cases, Cccomposition to an aléchyde and a clalky! phosphite proceeds under the {nfluence of 
an alkali (6), 


A similar rcartangerrent {s brought about by the action of sodiuin cyanide on bisulfite compounds of esters 
of &-ketophosphonic acids (7). In place of the expected the fsomerie 
prosphates are obtaineds 


ne 


One of us has studied the reaction Involved fn the direct action of dialkyl phospliites on biscetyl (3}, areace 
: tlon occurs when the reactants are heated to 100° In a sealed tube, and {t leads to esters of &-hydroxy-@-aceto~ 
ethanephosphonic acid, A repitition of the experiments under the same condit{ons led to the same esters of ae 
hydroxy-@-acetoethanephosphoric acid; these esters are shown in Table 1 (Products A), 


When the experiments were carried out uacer different conditions, products having different physical come 
stants were obtained, This impelled us to undertake a detailed study of the effect of experimental conditionsom 
the course of the reaction between dialkyl phosphites and blacctyl, including a study of the structures of the ree 
sulting products, It was found that ff the reaction between dialkyl phospliltes and blacctyl {s carried out fa 
flask at ternperaturcs above 100°, Products B of Table 1 are obtained, The effect of experimental conditions 08 


the course of the reaction was studied in greatest detail for the reaction of diethyl phosphite with blacetyl, as 
shown in Table 2, 


An investigation of Product A resulting from the reaction of  dtethyt phosphite with blacetyl showed thas 
a hydroxyl group was present; the hydroxyl content was found to be 8,16 % (calculated, 8,047) by TscsevitinovS 
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TABLE 1 


Al 42,70] 42,31] 51,0 15,80] 15,88 


H 
1, 4340)1, 2210) 41,841.41, 58,7 115,77) 15,88 


A] 138— t,4445]1, 1307] 52,261 51,55] 66,6 | 13,87] 13,84 


140°/10 
B] 4148] 51,17] 51,15] 62,4 13,93] 13,86 

du, 134°/10 


[1440011 ,0641] 70,45] 70,02] 18,18 | $1.07 


4 
,0175] 70,55]69,62] 33,4 $4,26] 19,07 


TABLE 2 
Effect of Experimental Conditions on the Cousse of the Reaction of Diethyl Phosphite with Blaceryl 


Experimental conditions . Time, hours Yield, 
Heating fn sealed.tube 90-100 9-10 A 66.6 
Heating In scaled tube tn presence of moist benzene 90-100 9-10 A 65.4 
Heating tn flask with reflux condenses 90-200 =f 4 A 32,1 
Heating under nitsogen fa flask with reflux concensee | 90-100 A 51.5 
Heating Mask with reNux condenses 125-130 3-7 8 62,1 
Heating under nitrogen tn Mask with reflux condenser | 125-130 6-7 2 514 
With aduitloa of several drops of alcohclic sodium , 
ethylate 90-100 30 min, 8 57.8 


method, The {. t, spectrum.of this product had an Intense absorption band In the region of 3290 em**, which is 
characteristic of Ot4 groups In a-hydsoxyalkanephosphonates (9). These data are quite persuasive proof that Pro- 
duct A fs an ester of @-hydroxy-B-acetoethanephosphonie acid, 


Although the {. r, spectrum of Product B was quite similar to that of Product A, absorption in the region of 
3250-3300 cra7* was, nevertheless, absent, Tserevitinov's method failed to indicate the presence of a hydroxyl 
gtoup {n this product, Upon saponification of Product B with barium hydroxide, the varlum salt of diethyl phos- 
phate was obtained; consequently, we have In this case the mixed diethyl 3-keto-2-butyl ester of phosphoric acid, 


The reaction dialkyl phosphites + blacetyl yields one of two isomers depending oa reaction conditions 


CH, 
wt 
= nd 
+ CHy—C—C—CHy 


(RO), P 
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It well known that the condensatlon of dialkyl phosphites with aldehydes and ketones {s catalyzed by 
the alcoholates of the alkalf meta!s (10), When the interaction of dialkylphesphites with blacetyl was carsled 

out In the presence of sodium alcoholate, the reaction was acccleraicd, and the mixed diethyl 3-keto-2-buty? 
ester of phosphoric acid was formed exclusively, It was further found that esters of @-hydroxy-c-acetoetharee | 
phosphonic acid on prolonged heating in alcoholic solution in the presence of sodium aiccholate cre converted. 
to the fsomeric phosphates, A possible mechanism for the conversion {s that esters of @-hydroxy-Gacetoethanse 
phosphonfe acid under the influence of sodium alecholate and the electronegative carbony! group split out 8 
proton from the hydroxyl group and yleld thereby a complex negative foo which has a positive charge oa the 
phosphorus atom Ia the atom fn the presence of the sodium atom 


-+ (RO) P—O—C=C—CH; (RO), 
» OH 


Subsequently nucleophilic attack of the negatively charged oxygen atom on the nelghboring positively charged 
phosphorus atom leads to the formation of the mixed ester ef phosphoric acld, Accompanying elimination of 
a halide fon, a3 propozed by Eengelsdorf (5), Is optional, The presence of election-attsacting atoms, such as the 


cartonyl group, fs sufficient, 

We have thus discovered an Interesting new rearrangermert of esters of &-hydsoxy-a-acetoctharephosshoe 
nic acids to the Isomerie mixed esters of phosphoric acid; the resrrangement occurs In alcoholic solution fa the | 
presence of sodium alccholste and also during the scifon of — phosphites on blacetyl at a temperature of 
125-130, 
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A NEW METHOD FOR THE SYNTHESIS OF UNSYMMETRICAL ACYL PEROXIDES 


Yu. A, Ol*dekop, Academician AN BSSR A, N, Sevchenke, 
1, P. Zyat*kov, G. Bylina, and A, P, El*nitskid 


V. 1, Lenin Belorussian State University 


Symmeutcal acyl peroxides, RCOOOCOR, which are widely used as polymertzation Initfators, are prepared 
by the fnteraction of acyl chlorides (or anhydrides) with sodium peroxide os hydrogen percxide In the presence of 
a base(1, 2), The reaction fs carried out elther fn solution or In the absence of a solvent, and, generally, no dife- 
ficulties are encountered fn the preparation, Symmetrical peroxides have now been studied In considerable dee 
tail, Unsymmetsical peroxides have been studied considerably less, owing to the lack of a satisfactory method 

for thelr preparation, They are usually picpared by the Interaction of a per acid with an acyl chloride, In addfe 
tlon, there {s another method for the preparation of acetyl benzoyl peroxide only; fa this method, benzaldehyde 
and acetic anhydride are poured onto sand and held uncce elffuse light for 3-4 days; this results fn relatively low 
and varying yields of the peroxide (3), Owing to the use of acetyl benzoyl peroxide fn Industey, a number of ime 
provements in the method of preparation have been pzcposed (4, 5), The Czechoslovakian authors F, Juracka 

and R, Chromecek (6) have made a particularly study of the conditions under which this reaction Is cage 
ried out, 


In the present work, we have established that unsymmetrical acy! peroxides are ‘formed ia high yields by 
alr oxldation of a miatuse consisting of au esomatle and acetic anhydilde (in a molar tatlo of 133), 


- $+ (CHLCO),0 — Cll, + CH,COOH, 


(where X {s p-CH,O, p-Cl, or m-Cl), The yleld of pezoxide is 53-25%, on the basis of 100% pure product, 


The oxidation was carried out at 30-40 fn the presence of enhydrous sodium acctate (0.2-0.3% of the 
substances ured) or calcium carbonate (10-15%); the alr Now sate was 2.5-3 Iters/minute, and {lumination was 
with 2 75-watt lamp. The oxidation time was 3-6 hours, at the end of which the peroxide content had reached 

30-49%, Samples were taken perlodically to check the accuinulation of peroxide, When the reaction was come 
plete, the mixture was poured into water, the acetle anhydride was hydrolyzed, and the peroxide separated inthe 
form of a white crystalline mass, After the raw product had been washed with a solution of soda and with wates 
and dried, the peroxide content was 81-95%, All of the peroxides prepared in the present work were readily soles 
ble in organic solvents, benzene, ether, carbon tetrachloride, chloroform, alcohol, petroleum ether, and acctie 
acid, They were explosive, ard faicd up when [ntroduced {nto an open Name, 


Acctyl p-chlorobenzoyl peroxide (1). Yield, 83%, Molecular welght, 208 (calculated for C,H,;0,Q, 214.5), 
The peroxide content of the pure sample was 99.7% (icdometrically (7J), The m. p. was 49.5° (from petroleum : 
ether), 


Acctyl p-methylbenzoy! peroxide (11), Yicld, $3%, Molecular weight, 187 (from benzene) (calculated 


for CigHy, Og 194), The peroxide content of the pure semple was 99.5% (lodometrically}, The m. p. was 65 
65.5° (fsom petroleum ether), 
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Fig. 1, Infeared transmission spectras 1) acetyl p-chloro- 
benzoyl peroxide, 11) acetyl p-methylbenzoyl peroxide, 
Ill) acetyl m-chlorobenzoyl peroxide, IV) acetyl p-meth- 
oxybenzoyl peroxide, 


Acetyl m-chlorobenzoyl (11), Yleld, 887, Molecular weight, 193 (calculated for C,H,0,c1, 
214.5). The peroxide content of the pure sample was 96.5% (lodometrically), The m, p. was 3-54, 


Acetyl p-methoxybenzoyl peroxide (IV), Yield, 64%, Molecular welght, 160 (calculated for 
210), The peroxide content of the pure sample was 96,57 (lo¢ometrically), The m. p. was 59.5° (from petroe 
leur ether). 


The Infrared spectea of peroxides (1), (Il), (111), and (IV) were obtained using an ISK-11 Instrument equipped 
with aa NaCl prism; 0.1 M solutions {a CCl, were used, and the cell thickness was 0.1 mm, All of the spectra 
were similar and possessed a scries of characteslstic bands (Fig, 1). 


All of the spectra contained three bands fa the region of 859-1060 em**; onc of these bends was weak acd 
had 2 msxfmum at 899-900 cm“, while the two strong bands had maximums fn the 1000-1030 em” ® snd 1020- 
1050 cm*" regtons, The positlons of the maximums of these bands ars the same {n the spectra of (1) aud (11), 
while they are shifted toward higher frequencies In the spectrum of (II) and toward lower frequencies tn the ol 
trum of (IV), These bands can obviously be assigned to frequencies of the hia benzene ring, 


A band of average Intensity with a maximum {fc the regton of 840-842 cm** was preseat {a all of the spec 
tra, and there was almost no change In the position of the maxtraum or fn Intensity from one spectrum to the 
other, Some Investigators have assigned this band tov O-O vibrations (8). In our case, the presence of a sub- 
stituent {a the benzene ring had no effect on the position of this band {n any of the hein, while the presence 
of a substituent did have an effect on the other bands, 


Io the spectrum ‘of (1), there was a band of avez sage Intensity with a at 1992 em”", which was 
absent from the spectra of (Il), (Ili), and (IV), The band in the region of 1150-1200 cm” * with a maximum at 
mate cm" must be due to vibrations of the —C-C- skeleton In the ~—C-CH; group. The band in the 1200-1270 
cm™ * region in the spectrum of (I) was divided at the maximum, {9 the spectrum of (Il) there was an Inflection 
point, {a the spectrum of (III) there was a single band, and in the spectrum of (IV) there were two distinct bands, 
These bands are obviously due to vibrations of the “oxygen bridge*, C-O-O-C, (v C-O), Hence, the Interaction 
of the -O-CH; and C-O-O-C group vibrations readily explains the presence of the two bands {n the spectrum of 
(IV). The band of everage intensity in the 1580-1620 cm” * region in the spectra of (If) and (IV) and the band fa 
the 1550-1610 cm" region in the s Spectra of (I) and (III) may be assigned to benzene ring vibrations, The two 
strong bands in the 1750-1840 cm” region are assigned to C = O vibrations, The interval between the band 
maximums in these spectra was of the order of 38 cm*?, To results are In good agreement with the data pre- 
sented in reference [9]. The weak band in the 1350-1380 cm™! region with a maximum at 1360 em" is due to 
-C-CH, symmetrical vibrations, ; 


Ultraviolet absorption spectra of 0.01 M solutions of these p2roxids in CCl, are shown Ia 
1; these spectra were fokea In the “oe of 233- 305 mp using an SF-4 — ; 
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A strong absorption band wiih at 245 and 249.6 mp was found In the spectea of {1) and (I) 
absorption maximusas found ia the seglon cf 246-247 my tespectively, were leis clearly expressed, Absoiptlon 
in the long-wave-length region was {identical for both compounds; there was a diffuse maximum at 270-373 mp 
and a sharper maximum at 283 my, The spectrurn of (111) contained no maxlmum In the 240-250 my regton, 
Evidently, band Jay lo the shorter wave-length region of the spectrum, There were two tnaximunis, at 285.8 

; aud 224 my, in the long-wave portion of this hand, The spece 
trum of (IV) had only a single broad band wii) a maximum at 
260 My.No additional absorption maximums were found la 
the long-wave portion of this band, 


None of the compounds absorbed appreciably in the ree 
glon above 300 my. The Interpretation of the remalning bands 
in the infrared and ultraviolet spectra requires additional exe 
perimental material, and will be p:csented fn a future paper, 


In additton to the peroxides described above, we also pree 
pared, in 607 yield, acctyl 2,4-dimethylbenzoyl peroxide by 
oxidation of 2,4-dimethylbenzaldehyde; however, the purity of 
the pesoxide wes only 87%, It was a liquid with a freezing 
point of -7, Tseaunent with concentrated HNO, and with 
bases did not increase the peroxide content of this sample, 
With the alm of extending this method of 8, athesizing unsyme | 
metrical acy} peroxtdes, the oxidation of benzaléchyde 
plonaldchyde was studied, and peroxides were formed fa this 
¢1se also, Work on the application of this reaction to other ale 
dehydes and acid anhydrides continues, 


€50 XO mp 


{1} Cricgee, Methoden der organischea Chemie, Houe 
Fig. 2. Uluaviolet absorption specus 


of organic peroxides, acetyl p-chloro- (2) A. V. Tctolsky, and R, B, Mesroblan, Organic Peroxe 
benzoyl peroxide, II) acetyl p- methyl ides, p. 38 (1954}, 


oxybdenzoyl peroxide, (4) U, S, Pat, 1985836 (1935), 
| (5) Ger. Pat, 637824 (1936) 
(6) F, Juracxa, znd R, Chrome%ek, Chem. Promysl. 6 (31), 27 (1956). 
(8) A. V. Keryakin and V, A, Nikitin, Bull, Acad, Sci, USSR, Physics Series, 17, 636 (1958), 


(9) W. H, T. Davison, J, Chem. Soc. 2456 (1951), 
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SYNTHESIS OF a,a- DI( CY ANOALKYL)TETRAALKYLDISILOXANES 


Corresponding Member AN SSSR A. D, Petrov, V. M. Véovia, 
and R, ‘Sultanov 


D, Zelinsktt Institute of 


It {s well known (1-3) that {9 organosilicon nitriles of the type &S1(CH,),CN, where nz 2, (A), the CN 
group Is very reactive and can be converted Into various functional groups, for example, -CCOH, COR, - 
etc, By anslogy to the organfe nitriles, which serve as starting msterfal for the synthes{s of bifunctional come 

. pounds such as dfamines, dicarbcxylic acids, arnino acids, etc., {t would be expected that organosllicoa come 
pounds having two (A) fragments In the tnolecule could also be used as a raw material for the preparation of 
@ w-bifunctional compounds useful for the synthes{s of organosillcon polymem, 


Ia the present paper, we report on the synthes{s of type (B) @,w-dinitiles 


where n fs 2 of 3, Rand R’ are CH, and and 1s -CN or 


Considering that dihydrodisiloxancs of the type HR,S{OSIF;H add to a number of olefinic compounds (4), 
we first atternpted to prepare (6) nitriles by the addition of 2 moles of allyl cyanide to HR,SIOSIRH with the 
ald of Szcir's catalyst (7), However, these reactions did not take place (Table 1, Exzeriments $ and 6), On the 
other band, did add to cyano-containing olefins (CH; CH ane CH, = CHAR = 
O = CH,CH,CN) (Table 1, Experiments 3 and 7), and we were able to synthesize the desired @-we-nitsiles by hye 
drelysis of the resulting monochloridess 


GH IC > (CHA) 


where @— CN; -OCH,CH,CN, 


Water was used as the hydrolyzing agent, When concentrated HQ] was used and the reaction was carried 
out under more vigorous conditions, the corresponding @,w-dicarboxylic acid was obtained, It was also of ine 
terest to use the available y -cyanopiopylalkyldichlorosflares for the preparation of dinitriles (Table 2, Experie 
ments 1 and 2), We made use of the circum:tance that the ~SiC] bond Is more reactive toward Grignard reagents 
than {s the ~C#N bond (1,2), and accomplished the synthesis of Type (8) dinitriles according to the scheme, 


for R= R° = R- GH, and R° CHy R= GH, 


[NCCH, CH, SI(C,H;), was also prepared for Cl,SiCH,CH,CN by a similar reaction, The starting matertal, 
CisSiCt,CH,CN, can be prepared easily at the a time, Thus, in the piesent work we shoved that an active 
catalyst for the reaction 
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is the scadily avatlaile N,N-dicthylantiline, which allows the seactlon to be carsicd out by refluxing the reaction 
mixture at atinospheric pressure In a Mask fitted with a sefux condenser, There is also a patent (5) in which it 
{s proposed to use a as a catalyst for this reaction, A communication by Spcie (6), which appsared ahtes 


TABLE 1 


Hydrogen-con- Wt, of h.c,,] Wt. of End b. p. 


conty. olefin, mixture 
compound g/mole cong tithe, 


CH,SICL.H 94.5/0,82 | 41)55,0/0,82 | 128 
.2/0,135 27,4/0,41 The same 


allyl cyanide; (MJ, B-cyanoethyl allyl ether, 

Based on hydrosilane charged, 

***The boiling point of the mixture remained at 120-123° for a period of 20 hours, 
and decreased to 99.5° only after the addition of the last portion of (CH) (G,Hs)SIHClg 
only about 18 g of unreacted Cl, * CHCH,CN was recovered In this experiment, 
°° *°The temperature did not change during the ertlre heating period, 


the completion of the present work, also recommends the use of N,N-dlalkylamides as Catalysts, 


The cyano-contalning olefins were added to the hydrogen-containing silanes by refluxing the reaction 
mixture fn a flask according to the method of Spctr [7] (in the presence of an 0,1 N solution of H;PiCl, fa 
{soprcpyl alcohol), The results of the experlments are presented In Table 1; the _ of the nitsiles and 
dirdtriles obtained are presented fa Table 2. 


EXPERIMENTAL 


Sym-di(y 1) From y -cyanopropyime- 
thylethylchlorosilane, 19.3 g of this chloride and 25 ml of 4,0 were stirred at room temperature for § 


hours; the organic layer was extracted with ether, and the aqueous layer was washed with ether, The ether exe 
tracts were combined, washed with a solution of soda and with water, and dried with anhydrous Na,SO, for a day, 
The ether was distilled, and from the heavy residue was {solated 10.3 8 of lk tite with 


ab. p. of 195-197° (3 mm), 


2) From CH;MgCl, prepared from 12,1 g (0.5 
of magtesiun in "700 mi of ether, was added over a 4-hour period to a solution of 75 g of (NCCH;CH,CH,(G,Hg} 
SICI, {a 700 ml of ether; the reaction flask was cooled with ice during the addition, The mixture was stirred at 
toom temperature for another 5 hours; it was then decomposed with water, and stirred fot an additional hour, 
The usual treatment ylelded 28.7 g of (NCCH,CH;CH; Si(CH;C.Hs))O with a b. p. of 179-184° (3 mm) and 
nif 1.4518, Methylmagnesium chloride (from 14.8 g, 0.57 g-atom of magnestum) was added over a 50-minute" 
period to an ether solution of 75 g (0.385 mole) of y -cyanopropylethyldichlorosilane, and, after the usual treate 


ment, 18 g of and 22 g of were obtained; the late 
ter compound had a b. p. of 66-68 (3 mm). 


Sym-di(y- cyanopropyl)tetramethyldisiloxane, cHMga, prepared from 147 g (0.6 g- 
atom) of Mg, and 82 g (0.45 mole) of NCCH, CH, C14,Si(CH,)C) ¢ were used In reaction, fan the reaction mixe' 


ture were separztzd 18,9 g of NCCICH,CH,SI(CH,) with ab, p, of 79-80" (16 mm), ayy 14878, i! 0,8244 and 
14 g of \NCCH, CH, CH, Si(CH,),),0 with a p. of 161-162 (1.5 
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After the usual vacuuin distillation yleldeds Fraction 1, 125° (2 mm); Fraction 2, 182-192° (2 

mm), The substance of Fraction 1, the silanol NCCH,C11,CH,SI(GH,), OH, evolved water on standing In ale, this 
substance was heated at 100° for 2 hours, decid over anhydrous NazSO,, combined with Fraction 2, and te mixture 
was again disulled, (NCCH,CIHCil,Si(QH, 0 was obtained at a tcmperature of 190-193° (1.5 mm), 


Sym-di(y 8.1 g of NCCH,CH,OCH,CH,Oh- 
SCH; GH) and 25 mil of watcr were stirred for 2.8 hours at 20° and for 0.5 hours at 35-40, The mixture 
was cooled, twice e.:tracted with ether, o:d then treated {In the usual manner, The ether was distilled, ard the 
heavy residue was heated under vacuum at 120-140° and 0.5 mm for several minutes; the product did not distill, 
The resulting ight yellow ofl (6.3 g) had a pe aeraad welght of 392 (cryosceple method In benzenc); calculated 
for 384.6, A band at 2256 cm”, characteristic of the N group, was present in the Infrared spece 
trum of this substances frequencies corresponding tog 


° 
| 4 
—C-Nik of C-OH 


vibrations were not present, 


Sym-di(y -(B -carboxyethoxy)propyl)dicthyidime thyldtsttox ane. 22 g of NCCI, Cit,- 

OCH, Ctl, Si( CH) and $5 mt of concentrated HC were stissed at 60-80° for 4 hours; anot‘ies 25-30 mi 

of concentrated HC was thea added, and the mixture wes stirred for an additional 0,5 hour at 80-90, On the 
following day, the precipitated NINgCI crystals were separated from the mixture, which was thea extracted three 
times with ether, After the usual treatment, the yellow-brown oll (19.8 g) was heated at 0.5 mm to 120-1403 
the substance did not destill. 0.9103 g of this oll In solution {n alcoliol was titrated with 41,7 ml of 0.1 N NaOH 
solution (methy! orange end point); calculated for (HOOCH,CH, OCH, CH, CHg°S1(Ct 44.5 ml, The 
infrared spectrurn confined the structure proposed for this substance, 


160g of acrylonitrile and 90 g of N,N-diethylaniline were charged 
to a Mask fitted with a reflux condenser, a thermometer, and a dropping funnel, and the mixture was heated foe 
8 hours while 410 g of technical HSICs (containing $-77 SiC) was added, The contents of the flask were thea 
refluxed for ar adcitfonal 32 hours, the temperature increasing from 42.5 to 87° during this pertod, The ifght pro~ 
acts, Including 45 g of acrylonitsile, were distilled {n a columa with an efficiency of 20 theorecical plates, end 
the residue was fractionated under vacuum. 385 g of a fraction boiling at 96-9S° (15 nim) was collected; this 
consisted of and (C,H; NCgti,, which partially crystallized, 73 g of liquid, which consisted chief- 
ly of (GH; NCH, was separated by freezing the mixture, and ihe residue consisted of crystals of ClSiCH,;CH,CN 
with an m. p. of 26-30, The meiting point of a mixture with B- eC prepared by direct 
syothesis (1) (mm. p. 32-34"), was 28-31", 


Sym-di(6-cyanoethyl)tetraethyldisiloxane was oupetal by the method described above 
using & mola: ratio of reactasis of 2.3 moles of ethylmagnesiumchloride (calculated on the magnesium) per mole 
of 
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THE USE OF INDUCED a-PARTICLES FROM ARTIFICIAL RADIOACTIVITY 
FOR THE QUANTITATIVE CONTROL OF PRODUCTS 
&§ CONTAINING ALUMINUM AND BORON 


Correspouding Member AN SSSR 1, N, Plaksia, 
N, Smirnov, and L. Stasik® 


Astilelal racioactivity, {nduced a-partctes, bas previously been used for the anslysis of dlological tissues 
(1). | 


We now propoze a sapid method for the analysts of powdered samples containing alum{num and boron using - 
Pot! as an alpha emitter; this method Is useful In connection with process control fn the processing of ores, 


The nuclear reaction (a, n) resulting when doron B’ Is bombarded with alpha particles forms the radloace 
tive altrogen fsotope scompesition of the (T = 10,1 minutes) ylelds positrons with a maximum enete 
gy of 1.24 Mey, The nuclear recction rerulting whea Al ts bombarded with alpha particles (@, n) yiclds the 
rad{oactlve phosphorus tzotope P*, Decomposition of the = 2.5 minutes) ylelds potttrons with a higher 
maximum energy ~ 3.6 Mev, 


The Po" used ss aa alpha emitter had an activity of 120 pe, 


Activity was Induced {a the B- and Al-contatring products by bernbarcment with alpha particles for 10 
minutes, At the end of this time, the re (product of the bombardment of alum{nuin) had {ncreased to 0.94 of 
the maximum value, At the end of the same period, the n® activity had increased to 0.5 of the maximum value, 


— 


Fig. 1, Calibration curve for mixture Fig. 2, Calibration curve for mixtures 3 
of hydroboracite and gypsum. of aluminum oxide with quastz, 


Aa activation time of 10 minutes for boron sets the time requircment for this rapid method of analysis, 


‘A minimum distance between the source of alpha particles and the control sample (0:5 mm) decreases the 
loss of energy by the alpha particles fn afr, After activation by alpha particle bombardment, the sample was 


* Laboratory technician E, G, Prozhoga participated fn the work, 


4 


‘ 
i 


j 


, 


placed under an end wiudow counter, The hme {ntcryal between the actlvation and the beglaning of counting 
must be a mintmuin and constant, The Induced radioactivity was recorded on @ B-2 Instrument, For the deters 
mination of the boron and conients of control samples, calibration curves were contsucted using stane 
dard samples with known boron and alumioum contents, 


The calibration curve for hydroboracite (CaO» MgO Cy °611,0) fs thows | in Fig. 1, The bombardment of 
Mg® results in a nuclear seaction (@, p) which ylelds the radiosctive fsotope this isotope emits electrons 
with a maximum energy of 3.0 Mev and has a half-life of 2.3 minutes, — 


Owing to the positron-electron activity Induced In the hy droboracite, the activity recorded was the sun of 
that of the N® and the Al’S, The activity of the Al®® ts considerably less than the activity of the N®, because 
the amount of magnestum fn hydroboracite fs small and the yleld of the nuclear reaction (4, p) {8 also small, 


Emtsston from the Al’ docs aot disturb the direct proportionality between the count of the Induced activity 
and the hydroboracite content of the control semple, since the eee Is present {a the crystal lattice of the 
hydroboractie, 


As may be seca from the callbratlon curve (Fig. 2), the present method can be nl for the determination 
of aluninum oxide content within the range 1-100%, 


Other radlosctive elements formed by nvclear reactions resulting from the Po" aipha particles have either 
& long or very short half-lifs and do not have an _—— effec. on the count during the analysis for boron and 
aluminum, 


The range of the Po oe alpha particles fn the sample to be analyzed {s about 20 g, the welght of the sample 
has no effect on the amount of Induced radioactivity, This makes It possible to use very small amounts of the 
prcduct for the analysts {1 g and Jess), 


The present method fs rapid, and the accuracy of the determination of boton and alemiaum fa sich a: 
benefictation ang alloys sufficient for process control, 
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ON THE REDUCTION OF COPPER FERRITE WITH GRAPHITE 


N. M. Stafeeva, V. N. Bogoslovskif, Corresponding 
Member AN SSSR G.I, Chufatov, and V. A, Subdbotins 


Metallurgical Institute of the Ural Branch Acacemy of Sciences USSR 


Copper ferrite, CuFe,O,, has a tetragonal lattice at room temperature (2, 2), At temperatures above 760°, 
it has the structure ofa spinel.. The latter structure can be fixed by rapid cooling (3). The nature of the bonding 
forces between the fons ‘changes during the transition from one form to the other(4, 5). Covalent bonding, which 
plays a considerable role fn the lattice of tetragonal ferrite, becomes weaker In cuble fersie, {a which fonic bond- 
ing {s the major form, 


The kinetics and the mechanism of the reduction of tetragonal and cuble copper ferrites by graphite undes 
vacuum was {Investigated {n the present work, The reducing agent was graphite prepared by grinding Achesoa 
electrodes and calcining first at 1200° {n a graphite crucible withe 
out access of alr and then undes vacuum at 1000°, 


The original ferrite was prepared by annealing a mixture 

3 O,/mia having the compesition CuO* F230, fn ale at 1000° for 30 hours, 
4-150 , For the preparation of ferrite with a tetragonal lattice, the slatered 
products were held for 3 hours at 700° and thea cooled ia the fure 
nace, The form of ferrite was obtsined by quenching 
_water Immediately after the annealing, Data obtained by x-ray 
analysis of the samples were In agrcement with those {a the Itege 
ature 


A weighed portion of the ferrite was carefully mixed and 
ground with graphite, The reduction experiments were carried 
out {n a vacuum apparatus (6) employlag quartz spring scales, 
The gascs evolved were continuously pumped off with high-vae 
cuum pumps, The method by which the experfinents were carried 
out permitted continuous analysis of the gascous reaction products 
by mears of three traps which were coznected fn partilel and ime 
) mersed in liquid nitrogen, The carbon dioxide evolved during 
the course of the reaction was frozen alternately {a one trap aftes 

2 40 60% the other, The amount of carbon munoxide was determined from 
the difference between the loss {n weight and the amount of COQ), 
The percent reduction was calculated from the emount of oxyges 
removed from the sample, 


8 8 


Reaction rate 
8 


Fig. 1, Dependence of the rate of reduce 
tlon of tetragonal copper ferrite by gra- 
phite on percent reduction at 90°, 

Reduction of the copper ferrite was carried out at temperae 
tures both below the transition point (650, 700, and 750°) and 
above (800, 900, and 1000°), The kinctie curvcs for the reduction of tetragonal copper ferrite are presented fa 
Figs, 1 and 2, Only a sinall per cent reduction was obtained at temperaturcs below 900° (respectively, 11, 18, 24, 
and 35%), and the process practically ceased whcn these values were attained, At 900 end 1090, there was 100% 
seduction of the ssmples, The first stage of the reduction was characterized by a maximum fn ths reaction sate, 
which then dropped sharply and became very low at 40-SC% reduction, Howcver, afics 50% seduction there was 
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products of Incomplete reduction consisted of copper, a spinel phase, and the remains of the original tetragonal 


/ 
an Increase in the reaction t2te, a8 Is clear from the sectlon of the kinetle curve between 30 and 70% seductlon, 
this portion of the curve {s plottcd on latyes scale on the right slds of Fig. 2, 


X-ray favestigation of the solid reduction products showed that at temperatures of 650, 700, and 750°, the 


ferelte, The spinel phase in this case could be either magnetite or cuble ferrite, the lattice parameters of which j 
are so close that it {s Impossible to distinguish between them by ordinary metheds of phase analysis, The a-ray 
patterns of these saiapies showed, however, that a considerable amount of copper was present In the reduction 
products as an independent phase, and therefore the copper could not be a past of *he spinel, Therefore, it may 
be assumed that the spincl phase (a these samples was magnetite, possible containing tome dissolved cuppet. 


. 7 Figure 3 compares the kinetle curves showing the dependince of the reduction rates of the tetragonal and 
cuble forms of fercite oa the degree of reduction at teinperatures of 700, 800 and 1000°, (The curve for 800-1008 
was obtalned by continuing the reduction at 1000° after a preliminary reduction at 800°), Figure 3 shows that at 


Reduction rate 


1 
& 


Reduction 
Fig. 2, Dependence of reduction rate of tetragonal copper ferrita 
by graphite on percent reduction at various temperatures (th curve 
for 800-1000* was obtained by reduction at 1000° of a sample which 
had first been reduced 35% at 800°), ; 


42 


the same temperatures, the rate of reduction of cubic ferrite is lower than that of tetragonal ferrite, Moreover, 
the maximum tn the reaction rate was not found in the first stage of the reduction of cuble ferrite, Subsequent 
stages In the reduction of the two forms were identical, The gazeous reaction products consisted of a mixture of 
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CO and The Ccy content in the Iniital stage of the process was It gradually decreased as seduce 
Won proceeded, Afict 10% tcduction, the gascous phase consisted of practically pure carbon monoxide, 


In the x-ray patterns of the samples obtatued by 13 and 30% reduction at 900°, there were also present 
nes characteristic of the patterns of copper, spinel, snd tetragenal ferrlte, Jn these cases, the spinel component 
of the sample was apparently a :nixture of magnetite and cubic ferrite, The lattes was formed at this temperse 
ture from tetragonal ferrite as a sesult of a phase transformation, In the samples seduced to a higher per cent see 
duction at 900", the ilnes characteriatic of tetragonal disappeared, and Hines due to wintite and fron 
peared, Upon complete reduction copper and fron were found in the solid phase, 


It should be pofnted out that copper prepared by reduction of tetragonal ferrlte at a temperature above the 
transition point has a lattice parameter (3,599 A) somewhat lower than that given fn the tables (3,608 A), Whea 
tetzagonal ferrlte was reduced st a temperature below the transition polnt and when cuble ferrite was reduced at 
uw temperature above 760°, the resulting copper had a lattice parameter corresponding to that of pure copper, The 
low value of the lattice parameter of copper indicates the presence of a certain amount of dissolved fron, During 


— the transformation of one modificaiion of ferrite into the other, there Is a change fa the bonding forces fn the 


g O/mis 


RSSCUOD £306 


Fig. 3. Comparison of the kinetic curves for the reduction of cue 
bic (1) and tetragonal (II) copper ferrites by graphite, a) at 700°, 


lattice, promoted, apparently, by the transfer of tron fors Into the metallic phase, Proof of this is the fact that 


the temperature dependence of the lattice parameter of the copper varied in Jumps which corresponded to the 
Wansition point, : 


The mechanism of the crystallochemical transformations of copper ferrite during reduction ean be repree 
sented as follows; as oxygen Is removed, an excess of fron ard copper fons ts formed ct the surface; the coppet, 
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which fs the feast stably bonded to oxygen, fonna the metallic phase, while the ircu diffuses into the depths of 
the fertlte particle, displacing the coppers a portion of the trivalent fron Jons Ls converted to the divalent form 
due to the seduction process, and the ferrlte lattice approaches the magnetite lattice, Then, e2 all of the ferrite 
{s convested to magnetite, reduction of the magnetite begins according to the scheme proposed In reference (7}, 


Thus the reduction of cuble and tetragonal ferrltes ts a step-wise procetss 
CuFe,O, Cu + Fe0y; FeO; FeO Fe, 


The conversion of the tetragonal lattice of ferrite Into the cuble form proceeds stmultancouly with the ree 

duction process and has an effect on the nature of the latter, 
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